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Executive Summary 

The U.S. Department of Energy (DOE) Office of Legacy Management (LM) has assumed 
responsibility for all surveillance and maintenance activities at the Rocky Flats Site to ensure the 
continued protection of human health and the environment. To accomplish this, the accelerated 
actions that were completed by the DOE Office of Environmental Management (EM) will be 
maintained and any monitoring and maintenance requirements specified in applicable decision 
documents will be conducted as described in the draft Interim Surveillance and Maintenance 
Plan for the Rocky Flats Site. These surveillance and maintenance requirements include 
environmental monitoring; maintenance of the erosion controls, access controls (fences), landfill 
covers, dams, and ground water treatment systems; and operation of the ground water treatment 
systems. 
 
This report addresses the calendar year of 2005 (January 1 through December 31). During that 
time, DOE-EM with their contractor, Kaiser-Hill, completed implementation of all accelerated 
actions. LM assumed partial responsibility of surveillance and maintenance activities at the site 
on October 13 with Kaiser-Hill’s “Declaration of Physical Completion.” Complete transfer of 
responsibility occurred on December 8 with DOE’s “Acceptance of Physical Completion.” 
 
This report includes all data evaluation as required by the Integrated Monitoring Plan (IMP), 
which underwent revision during this period (IMP Rev 1; K-H 2005f, 2005h). For water 
monitoring, data evaluation is limited to those locations that remained as part of the LM water-
monitoring network as of December 31, 2005. 
 
Since LM did not assume responsibility of Site activities until October 13, this report also 
describes some surveillance and maintenance activities that were conducted by Kaiser-Hill. 
Highlights of the surveillance and maintenance activities include: 

• Completion of the ground water monitoring network, routine ground water monitoring, and 
non-routine maintenance of ground water treatment systems; 

• Completion of the surface-water monitoring network, routine surface water monitoring as 
required by the IMP, and routine pond operations and management; 

• Data analysis and reporting for ecological monitoring; and 

• Air monitoring as required by the IMP. 
 
This report also includes descriptions of activities that LM implemented including Site security, 
maintenance and repair of erosion controls to protect bare soil areas, and inspection of the 
landfills to assure protection of the environment, including ground water and surface water 
quality. 
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1.0 Introduction 

As of the issuance of this report, all accelerated actions have been completed at the Rocky Flats 
Environmental Technology Site (RFETS), renamed the Rocky Flats Site (or the Site) according 
to regulatory requirements in the Rocky Flats Cleanup Agreement (RFCA) (CDPHE et al. 1996). 
The U.S. Department of Energy (DOE) is conducting surveillance and maintenance activities at 
the Site to maintain these accelerated actions, to protect human health and the environment, and 
to comply with applicable U.S. Environmental Protection Agency (EPA) and Colorado 
Department of Public Health and Environment (CDPHE) regulations, DOE Orders, and 
applicable local regulations. This report describes environmental monitoring, maintenance, and 
associated operations that were conducted during the period January 1 through December 31, 
2005.  
 
1.1 Purpose and Scope 
 
This report is required by Section 3.4.B of Attachment 5 of the RFCA (CDPHE, DOE, and 
EPA 2003). The purpose of this report is to inform the regulatory agencies and stakeholders 
regarding the surveillance and maintenance activities being conducted at the Site. DOE Office of 
Legacy Management (LM) is committed to periodic communications such as this report and 
through other means such as web-based tools and public meetings. 
 
As of early in the fourth calendar quarter of 2005, all physical activities related to closure of the 
Site had been completed. However, this report will not focus on these activities. Instead, routine 
maintenance and monitoring activities that were conducted during and/or following completion 
of Site closure-related work in each area of interest are described. That is, maintenance activities 
performed by LM in the fourth quarter of 2005 and routine monitoring performed during all of 
2005 are addressed. Maintenance performed prior to LM accepting control of the Site is typically 
not discussed, nor is non-routine monitoring (that performed outside the FY05 IMP, Rev.1). 
 
1.2 Background 
 
Environmental monitoring has been conducted following the Integrated Monitoring Plan (IMP), 
which underwent revision during this period (K-H 2005f, 2005h). Surveillance and maintenance 
activities, including environmental monitoring, conducted in future periods will be performed 
according to the Interim Surveillance and Maintenance Plan (DOE 2005c). This plan references 
the IMP as well as other operational, monitoring and maintenance plans for the landfills, ground 
water treatment systems, and ponds. These plans include 

• RFETS Integrated Monitoring Plan Fiscal Year (FY) 2005 Summary Document, Revision 1 
(K-H 2005h) 

• RFETS Integrated Monitoring Plan FY 2005 Background Document, Revision 1 
(K-H 2005f) 

• Operations and Maintenance Instructions for Rocky Flats Surface Water Control Project 
(Dams and Reservoirs) (DOE 2005d) 

• Rocky Flats Environmental Technology Site Surface Water Pond Operations Plan 
(DOE 2005g) 
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• Rocky Flats Environmental Technology Site Emergency Response Plan for Rocky Flats 
Dams (DOE 2005b) 

• Ground Water Plume Treatment Systems Operations and Maintenance Manual (K-H 2005j) 

• RFETS Revegetation Plan (DOE 2005f) 

• RFETS Erosion Control Management Plan (DOE 2006a) 

• Vegetation Management Plan for RFETS (DOE 2005h) 

• Ecological Monitoring Methods Handbook (DOE 2005a) 
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2.0 Surface Water Monitoring 

2.1 Introduction 
 
This report presents the data collected to satisfy selected surface water monitoring objectives 
implemented at the Site in accordance with the RFCA (CDPHE et al. 1996) and the FY 2005 
IMP Summary and Background Documents (K-H 2005f, 2005h). The IMP provides a framework 
for monitoring in support of closure activities at the Site. This framework includes 
implementation of a high-resolution surface water monitoring program that supports data-driven 
decisions determined by the IMP Data Quality Objectives (DQO) process. The automated 
surface water monitoring program provides: 

• Monitoring of multiple parameters for the safe and effective operation of the Site retention 
ponds; 

• Detection of contaminants at Points of Compliance (POCs) in comparison to RFCA 
Standards in discharges entering Stream Segment 4 and at the Site boundary; 

• Detection of contaminants at Points of Evaluation (POEs) in comparison to RFCA Action 
Levels in discharges entering Stream Segment 5 and the Site retention ponds; 

• Monitoring of flows and contaminant levels in subdrainages upstream of POCs and POEs 
to facilitate the identification of contaminant sources; 

• Monitoring of various surface water parameters at various locations on an ad hoc basis in 
support of special projects; 

• Monitoring to determine the short- and long-term effectiveness of the Present Landfill and 
Original Landfill remedies as related to surface water; 

• Monitoring of indicator parameter values at various locations to determine correlations 
between indicator parameters and analytical water-quality measurements; and 

• Monitoring of nitrate in discharges leaving the Site boundary. 
 
This report provides a comprehensive and detailed summary of the surface water monitoring 
conducted at the Site, which fulfills the applicable requirements of the Site IMP. As such, this 
report is organized to follow the framework of the IMP, with each report section providing the 
objective-specific data evaluations. 
 
This report includes all data collected during calendar year (CY) 2005 for locations that remain 
as part of the DOE-LM surface water monitoring program. This surface water section includes: 

• A description of the Site automated surface water monitoring program and monitoring 
network; 

• A presentation of discharge and precipitation data summary statistics; 

• A summary of selected analytical water-quality results; 

• A loading analysis for radionuclides at POEs and POCs; 

• Evaluations of analytical results as required by the Site IMP, organized by monitoring 
objective; and 

• An appendix (CD-ROM) with hydrologic data. 
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2.1.1 Surface Water Monitoring Highlights: CY 2005 

During CY 2005, the surface water monitoring network successfully fulfilled the targeted 
monitoring objectives as required by the Site IMP. During CY 2005 the network consisted of 
46 gaging stations, five grab sampling locations, 13 precipitation gages, and five pond 
monitoring locations. During CY 2005 these locations collected 265 samples composed of 
13,453 individual grabs.1 During the year, 31 monitoring locations were removed as the Site 
moved toward closure. One location (GS13; North Walnut Creek above A-Series Ponds) was 
added during CY 2005. The post-closure monitoring network was completed to consist of 
13 automated sampling locations, five grab sampling locations, 15 flow measurement locations, 
eight precipitation measurement locations, and four pond/piezometer monitoring locations. 
 
CY 2005 was drier than average with approximately 11.6 inches of precipitation, which is 
91 percent of average (12.78 inches; CY 1993−2004 average). The spring was drier than average 
with March, April, and May being 70 percent of average. October was significantly wetter than 
average (240 percent of average), while July and September were significantly drier than average 
(34 percent and 23 percent of average, respectively). The largest events occurred on 
August 4, 2005 (0.99 inches), and October 10, 2005 (0.74 inches)2. The largest 2-day total 
(1.44 inches) occurred on August 3−August 4, 2005. The highest peak flow rates for the year 
from the Industrial Area (IA) were during the April 11−April 12, 2005, snowmelt event and an 
intense storm on June 10, 2005 (approximately 0.42 inches in 2 hours and 30 minutes). Peak 
flows for the year were 7.0 cubic feet per second [cfs] in North Walnut Creek (June 10, 2005), 
44.6 (estimated) cfs in South Walnut Creek3, and 2.6 cfs in the South Interceptor Ditch (SID) 
(April 12, 2005). Due to the removal of impervious surface and the completion of the functional 
channels, peak flows for the August 4, 2005, event were only 3.5 cfs (North Walnut Creek) and 
5.0 cfs (South Walnut Creek); there was no flow in the SID for this event. 
 
All water-quality data at the RFCA Points of Compliance (POCs) were below the applicable 
standards during CY 2005. For the RFCA Points of Evaluation (POEs), reportable values were 
observed at GS10 (Pu, Am, total uranium, chromium), SW027 (Pu), and SW093 (Pu). These 
reportable values for CY 2005 were addressed through multiple source evaluation letters from 
DOE to the Regulators. These CY 2005 notifications are summarized in the Rocky Flats 
Environmental Technology Site Automated Surface-Water Monitoring: Water Year 2005 Annual 
Report (K-H 2005q). 
 
2.1.2 Integrated Monitoring Plan for Surface Water 

The Site surface water monitoring network is designed to meet the requirements documented in 
the Site IMP, which groups all site surface water monitoring objectives into five primary 
categories: Site-Wide, IA, IA Discharges to Ponds, Water Leaving the Site, and Off-Site. The 
eight IMP objectives evaluated in this report that are accomplished through surface water 

                                                 
1 Composite samples consist of multiple aliquotts (‘grabs’) of identical volume. Each grab is delivered by the 
automatic sampler to the composite container at each predetermined flow-volume or time interval. 
2 The precipitation gages used in the Automated Surface Water Monitoring Network are not heated due to the lack 
of AC power at the locations. As such, the gages do not accurately measure snowfall (as water equivalent) as it 
occurs. 
3 GS10 measured a peak flow of 44.6 (estimated) cfs on April 11, 2005, a value significantly influenced by the 
planned breach of a coffer dam as part of the construction of Functional Channel 5. 
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monitoring are described briefly below.4 During CY 2005, the Site monitoring network included 
46 gaging stations, five grab sampling locations, 13 precipitation gages, and five pond 
monitoring locations to achieve these objectives.5 In some situations, the same location may 
serve multiple objectives. This report presents data evaluation only for those locations that were 
part of the post-Closure monitoring network as of the end of CY 2005. Monitoring tasks and data 
collection, compilation, evaluation, and reporting for each objective included in this report are 
detailed in Sections 2.5 through 2.11. Figure 2−1 shows the monitoring network at the end of 
CY 2005, after reconfiguration to DOE-LM specifications. 
 
The IMP used the DQO process to determine necessary and sufficient monitoring requirements. 
The process yielded multiple, data-driven, surface water monitoring objectives (called decision 
rules under the DQO process), a subset of which (seven) is presented in this report. The 
remaining IMP objectives are implemented by other governmental agencies. 
 
Four of the IMP automated surface water monitoring objectives are organized in a roughly 
upstream-to-downstream direction, beginning with Performance monitoring within the former IA 
and ending downstream at the POCs at Indiana Street (Figure 2−2). These monitoring objectives 
are summarized in the following paragraphs and are discussed in detail in Sections 2.8 
through 2.11. 
 
For the first of the upstream-to-downstream monitoring categories (former IA Objectives), the 
IMP requires the Site to evaluate surface water associated with individual accelerated actions 
within the former IA. This performance monitoring (Section 2.8) is intended to evaluate surface 
water quality with respect to standards and action levels. 
 
For the next upstream-to-downstream monitoring category (IA Discharges to Ponds Objectives), 
the IMP requires the Site to identify and correct significant accidental or undetected releases of 
contaminants from the IA to the Site retention ponds (surface water leaving the former IA). The 
POE (Section 2.9) objective deals with discharges from the former IA to the ponds. RFCA 
specifies POE monitoring for the upstream reaches of Site drainages (above the ponds) and 
specifies action levels for specific contaminants (Action Level Framework [ALF]). 
 
The next category is Water Leaving the Site (Terminal Pond and Water Leaving the Site 
Objectives). Predischarge monitoring (not evaluated in this report) is conducted in coordination 
with the State at the Terminal Ponds prior to planned discharges. The Site is also required to 
monitor at POC locations below the Terminal Ponds during discharges relative to RFCA 
standards (Section 2.10), as specified in RFCA. In addition, there are RFCA POCs that are 
located at the Site boundary at Indiana Street for both Walnut and Woman Creeks. The Non-
POC decision rule (Section 2.11) requires the Site to collect data for nitrate at the Walnut Creek 
POCs during pond discharges. 
 
 

                                                 
4 The IDLH decision rule (locations indicated in Table 2−1) requires the collection of hydrologic data to support the 
management of the Site retention ponds. This objective does not require any detailed data analysis. Therefore, this 
decision rule is not included in this report, however, hydrologic data are presented here for completeness. 
5 The period of operation of these locations varies based on project implementation schedules and regulatory 
requirements. 
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Table 2–1. Matrix of Monitoring Locations and Supported IMP Decision Rules: CY 2005 
 
 Supported Decision Rule 

Location Code IDLH Investigative Ad 
Hoc 

Indicator 
Parameter Performance POE POC Non- 

POC 
Pre- 

discharge 
Precip- 
itation 

GS01           

GS03           

GS05           

GS08           

GS10           

GS11           

GS12           

GS13           

GS31           

GS33           

GS51           

GS59           

SW018           

SW027           

SW093           

GWISINFNORTH           

GWISINFSOUTH           

PLFSEEPINF           

PLFSYSEFF           

PLFPONDEFF           

A3DM           

A4DM           

B5DM           

C2DM           

LFDM           

RPTR           

RPTR2           

RPTR3           

Note: Locations A3DM, A4DM, B5DM, C2DM, and LFDM are telemetry nodes collecting real-time pond level and piezometer data 
for the Imminent Danger to Life and Health (IDLH) decision rule. These data are not evaluated in this report. 

 
 
Monitoring objectives that do not fit into the upstream-to-downstream sequence are considered 
as Site-Wide Monitoring Objectives. Monitoring in support of these objectives can occur at any 
location within the Site boundary. 
 
For example, Imminent Danger to Life and Health monitoring provides information necessary 
for safe operation of the Site retention pond dams. This monitoring objective is not discussed in 
this document; however the hydrologic data associated with this decision rule are presented in 
Section 2.2. 
 
Another Site-wide Monitoring Objective, Investigative monitoring (see Section 2.7), is designed 
to evaluate upstream water quality when reportable values are observed at POEs and/or POCs, 
and can take place anywhere within the Site boundary. Unplanned, special-request monitoring 
activities are discussed as ad hoc monitoring in Section 2.5. 
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Figure 2−1. Rocky Flats Site Surface Water Monitoring Locations and Precipitation Gages: End of CY 2005 
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Figure 2−2. Conceptual Model of Site Automated Surface Water Monitoring Objectives 
 
 
Indicator Parameter Monitoring for Analytical Water-Quality Data Assessment (Section 2.6) is 
also implemented site-wide. This objective provides the justification for the collection of general 
water-quality and quantity information to be used for various data assessments. Specifically, this 
objective outlines the current and expected uses of parameters such as TSS and flow rate. 
 
2.1.3 Surface Water Hydrology 

Streams and seeps at RFS are largely ephemeral, with stream reaches gaining or losing flow, 
depending on the season and precipitation amounts. Surface water flow across the Site is 
primarily from west to east, with three major drainages traversing the Site. Fourteen retention 
ponds (plus several small stock ponds) collect surface water runoff, although only ten ponds are 
actively managed. The Site drainages and retention ponds, including their respective pertinence 
to this report, are described below and shown on Figure 2−3. Figure 2−3 shows the final site 
configuration as of the end of CY 2005. 
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2.1.3.1 Walnut Creek 
 
Walnut Creek receives surface water flow from the central third of the Site, including the 
majority of the former IA. It consists of several tributaries: McKay Ditch, No Name Gulch, 
North Walnut Creek, and South Walnut Creek. These tributaries join Walnut Creek prior to the 
Site eastern boundary (Indiana Street). East of Indiana Street, Walnut Creek flows through a 
diversion structure normally configured to divert flow to the Broomfield Diversion Ditch around 
Great Western Reservoir and into Big Dry Creek. The Walnut Creek tributaries, from north to 
south, are described below. 
 
McKay Ditch 
 
The McKay Ditch was formerly a tributary to Walnut Creek within the Site boundaries but was 
diverted in July 1999 into a new pipeline to keep McKay Ditch water from co-mingling with site 
water in Walnut Creek. Although no longer a contributor to Walnut Creek, the McKay Ditch 
drainage is described here to clarify water routing at the Site. The new configuration allows the 
City of Broomfield to transport water from the South Boulder Diversion Canal, across the Site 
and directly into Great Western Reservoir without entering Walnut Creek. This configuration 
prevents co-mingling of McKay water with discharged water from the Site retention ponds. 
 
No-Name Gulch 
 
This drainage is located downstream of the Present Landfill and Landfill Pond. A surface water 
diversion ditch was constructed around the perimeter of the Present Landfill as part of the 
remedy to divert surface water runoff around the Present Landfill and reduce infiltration of 
surface water into the Present Landfill. On the north side of the Present Landfill, the ditch runs 
east into a small, natural drainage that eventually joins No Name Gulch below the Landfill Pond 
dam. On the south side of the Present Landfill, the ditch runs east above the Landfill Pond and 
drops into No Name Gulch below the dam. The Landfill Pond covers approximately 2.5 acres. 
Nearly all of the runoff from the Present Landfill is diverted by the surface water diversion ditch, 
while only a small amount of runoff from the area immediately surrounding the Landfill Pond 
flows to the pond (the Present Landfill passive treatment system also discharges to the Landfill 
Pond). Water is allowed to flow through the Landfill Pond (the outlet works is maintained in a 
partially open configuration). 
 
North Walnut Creek 
 
Runoff from the northern portion of the former IA flows into this drainage, which has four 
retention ponds (Ponds A-1, A-2, A-3, and A-4). Functional Channels 1, 2, and 3 convey runoff 
to North Walnut Creek. The combined capacity of the A-Series Ponds is approximately 
197,000 cubic meters (m3; 52 million gallons; 160 acre-feet [ac-ft]). In the normal operational 
configuration, Ponds A-1 and A-2 are bypassed and maintained for emergency runoff control and 
wetland habitat; evaporation or managed transfer controls water levels in these ponds. North 
Walnut Creek flow is diverted around Ponds A-1 and A-2 to Pond A-3 for retention and settling 
of solids. Pond A-3 is discharged in batches to the A-Series “Terminal Pond”, Pond A-4. After 
filling to a maximum safe level (typically less than 40 percent of capacity), Pond A-4 water is 
isolated, sampled, and released if surface water quality criteria are met. 
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Figure 2−3. Major Site Drainage Areas Walnut Creek, Woman Creek, and Rock Creek: End of CY 2005 
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South Walnut Creek 
 
Runoff from the central portion of the former IA flows into this drainage, which has five 
retention ponds (Ponds B-1, B-2, B-3, B-4, and B-5). Functional Channels 4 and 5 convey runoff 
to South Walnut Creek. The combined capacity of the South Walnut Creek B-Series Ponds is 
approximately 102,000 m3 (27 million gallons; 83 ac-ft). Ponds B-1, B-2, and B-3 are bypassed 
and maintained for emergency runoff control and wetland habitat; evaporation or managed 
transfer controls water levels in these ponds. South Walnut Creek flow is diverted around 
Ponds B-1, B-2, and B-3, and into Pond B-4, which flows continuously into Pond B-5 (Terminal 
Pond). After filling to a maximum safe level (typically less than 40 percent of capacity), 
Pond B-5 water is sampled and released if surface water quality criteria are met. 
 
2.1.3.2 South Interceptor Ditch 
 
South of the former IA is the SID/Woman Creek drainage system. Although it is tributary to 
Woman Creek, the SID warrants more thorough discussion than other comparable tributaries at 
the Site because it captures runoff from the southern portion of the former IA, a drainage basin 
that includes the 903 Pad/Lip. 
 
Surface water runoff from the southern portion of the former IA is captured by the SID, which 
flows from west to east into Pond C-2. Water from Pond C-2 is sampled and, if surface water 
quality criteria are met, released into Woman Creek which flows to the Woman Creek Reservoir 
(see the Woman Creek description below). 
 
2.1.3.3 Woman Creek 
 
South of the SID is Woman Creek, which flows through Pond C-1 and off-Site at Indiana Street. 
The Woman Creek drainage basin extends eastward from the foothills, near Coal Creek Canyon, 
to Standley Lake. In the current configuration, Woman Creek flows into the Woman Creek 
Reservoir located upstream of Standley Lake, where the water is held until it is pump-transferred 
to Big Dry Creek by the City of Westminster. 
 
2.1.3.4 Other Drainages 
 
The third major drainage at the Site, other than Walnut and Woman Creeks, is Rock Creek. The 
Rock Creek drainage covers the northwestern portion of the Site. East sloping alluvial plains to 
the west, several small stock ponds within the creek bed, and multiple steep gullies and stream 
channels to the east characterize the drainage channel. This basin receives no runoff from the 
former IA. 
 
Smart Ditch, located south of Woman Creek, is also hydrologically isolated from the former IA. 
The D-Series Ponds (D-1 and D-2) are located on the Smart Ditch drainage. This drainage and 
these ponds are not managed by the Site and are not discussed in this report. 
 
2.2 Hydrologic Data 
 
The following section provides information on all automated surface water monitoring locations 
at the Site that operated during CY 2005 and were part of the LM network as of 
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October 13, 2005. Some locations do not have a continuous flow record; they were operated only 
to collect automated surface water samples for laboratory analysis. For locations with continuous 
flow measurement, graphical discharge summaries are provided. Numerical discharge values are 
included in the tables in Appendix A. The hydrologic routing diagram (as of December 31, 2005) 
for the locations included in this report are shown in Figure 2−4. 
 
2.2.1 Data Presentation 

2.2.1.1 Discharge Data Collection and Computation 
 
Data obtained at a continuous surface water gaging station on a stream or conveyance, such as an 
irrigation ditch, consist of a continuous record of stage,6 individual measurements of discharge 
throughout a range of stages, and notations regarding factors that might affect the relation of 
stage to discharge. These data, together with supplemental information such as climatological 
records, are used to compute daily mean discharges. 
 
Continuous records of stage are obtained with electronic recorders that store stage values at 
selected time intervals or secondarily with radio-telemetry data-collection platforms that transmit 
near real-time data at selected time intervals to a central database for subsequent processing. 
Direct field measurements of discharge are made with current meters, using methods adapted by 
USGS, or with flumes or weirs that are calibrated to provide a relation of observed stage to 
discharge. These methods are described by Carter and Davidian (1968) and by Rantz (1982a, 
1982b). 
 
In computing discharge records for non-standard flow-control devices, results of individual 
measurements are plotted against the corresponding stage, and stage-discharge relation curves 
are constructed. From these curves, rating tables indicating the computed discharge for any stage 
within the range of the measurements are prepared. For standard devices (e.g., flumes, weirs), 
rating tables indicating the discharge for any stage within the range of the device are prepared 
based on the geometry of the device. If it is necessary to define extremes of discharge outside the 
range of the device, the curves can be extended using (1) logarithmic plotting, (2) velocity-area 
studies, (3) results of indirect measurements of peak discharge, such as slope-area or contracted-
opening measurements, and computation of flow over dams or weirs, or (4) step-back-water 
techniques. 
 
Daily mean discharges are computed by averaging the individual discharge measurements using 
the stage-discharge curves or tables. If the stage-discharge relation is subject to change because 
of frequent or continual change in the physical features that form the control, the daily mean 
discharge is determined by the shifting-control method, in which correction factors based on the 
individual discharge measurements and notes by the personnel making the measurements are 
applied to the gage heights before the discharges are determined from the curves or tables. This 
shifting-control method also is used if the stage-discharge relation is changed temporarily 
because of aquatic vegetation growth or debris on the control. For some gaging stations, 
formation of ice in the winter can obscure the stage-discharge relations so that daily mean 
discharges need to be estimated from other information, such as temperature and precipitation 
records, notes of observations, and records for other gaging stations in the same or nearby basins 
for comparable periods. 
                                                 
6 Stage is the water level (in units such as feet or meters) in a conveyance structure. 
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Figure 2−4. Rocky Flats Site Water Routing Schematic: End of CY 2005 
 



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 2–15 

For most gaging stations, there may be periods when no gage-height record is obtained or the 
recorded gage height is faulty so that it cannot be used to compute daily mean discharge or 
contents. This record loss occurs when recording instruments malfunction or otherwise fail to 
operate properly, intakes are plugged, the stilling well is frozen, or for various other reasons. For 
such periods, the daily discharges are estimated from the recorded range in stage, previous or 
following record, discharge measurements, climatological records, and comparison with other 
gaging-station records from the same or nearby basins. Information explaining how estimated 
daily discharge values are identified in gaging-station records is provided in the “Identifying 
Estimated Daily Discharge” section. 
 
Much of the former IA was extensively reconfigured as a part of Site closure. Modifications 
were made to the ground surface and existing stream channels, and new channels were created. 
Drainage basins within the IA changed significantly as a result. These changes have not been 
determined through surveys, but are estimated for the purposes of this report. Following a Site 
survey scheduled for mid-2006, drainage boundaries will be refined; subsequent reports and 
evaluations will incorporate those results. 
 
2.2.1.2 Data Presentation 
 
The information published for each continuous-record surface water gaging station consists of 
six parts: the station description; a map showing the drainage area for the station; a plot of the 
daily mean discharge for the calendar year(s); a table of daily mean discharge values for the 
calendar year with summary data; a tabular statistical summary of monthly mean discharge data 
for the calendar year; and a summary statistics table that includes statistical data of annual 
discharge and runoff. The tables are included in Appendix A, “Hydrologic Data,” while the other 
information is presented below. 
 
2.2.1.3 Station Description 
 
The station description provides, under various headings, descriptive information included 
gaging-station location, drainage area, period of record, and gage information. The following 
information is provided: 

• Location⎯This entry provides the gaging-station state plane coordinates and geographic 
location. Gaging station state plane coordinates were obtained by geographic positioning 
system or digitized from site geographic information system (GIS) coverages. 

• Drainage Area⎯This entry provides the drainage area (in acres) of the gaged basin. If, 
because of unusual natural conditions or artificial controls, some part of the basin does not 
contribute flow to the total flow measured at the gage, the noncontributing drainage area 
also is identified. Drainage area is usually measured using digital techniques and the most 
accurate maps available. Because the type of map available might vary from one drainage 
basin to another, the accuracy of digitized drainage areas also can vary. Drainage areas are 
updated as better maps become available. Some of the gaging stations included in this 
report measure stage and discharge in channels that convey water to or from reservoirs or 
other features; these channels might have little or no contributing drainage area. Drainage 
areas in this report were provided by Site GIS coverages.7 

                                                 
7 Drainage area maps show Site configuration at the end of CY 2005. 
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• Period of Record⎯This entry provides the period for which the Site has been collecting 
records at the gage. This entry includes the month and year of the start of collection of 
hydrologic records by the Site and the words “to current year” if the records are to be 
continued into the following year. 

• Gage⎯This entry provides the type of gage currently in use, and a condensed history of the 
types and locations of previous gages. 

 
2.2.1.4 Daily Mean Discharge Values 
 
The daily mean discharge values computed for each gaging station during a calendar year are 
listed in the body of the data tables in Appendix A. In the monthly “FLOW RATE” summary 
part of the table, the line headed “AVERAGE” lists the average discharge, in cubic feet per 
second, during the month; and the lines headed “MAXIMUM” and “MINIMUM” list the 
maximum and minimum daily mean discharges for each month. Total discharge for the month 
also is expressed in cubic feet (“CUBIC FEET”), gallons (“GALLONS”), and acre-feet (“ACRE-
FEET”). The term “PARTIAL DATA” denotes a month with incomplete data. 
 
2.2.1.5 Summary Statistics 
 
A section of the table titled ANNUAL SUMMARIES FOR CY06 follows the monthly mean data 
section. This section provides a statistical summary of annual discharge flow rates and volumes 
for the labeled calendar year. The applicable units are to the left of the table value. The term 
“PARTIAL DATA” denotes a year with incomplete data. 
 
2.2.1.6 Identifying Estimated Daily Discharge 
 
Estimated daily discharges published in water-discharge tables and figures of this annual report 
are identified by italicizing individual daily values or through color coding in hydrographs. For 
periods of no data, a gap is shown on the hydrographs. 
 
2.2.1.7 Other Records Available 
 
Information used in the preparation of the records in this report, such as discharge-measurement 
notes, gage-height records, and rating tables, are on file. Information on the availability of the 
unpublished information or on the published statistical analyses is available from personnel 
involved with data collection at the Site. 
 
2.2.2 Discharge Data Summaries 

2.2.2.1 Site-Wide Discharge Summary 
 
Discharge summaries for the two major Site drainages receiving flow from the former IA 
(Walnut and Woman Creeks) are given in Figure 2−5 and Figure 2−6. Walnut Creek flows are 
measured at GS03 and Woman Creek flows are measured at GS01. Figure 2−7 shows the relative 
total CY 1997−2005 discharge volumes from the major Site drainages as measured at Site POEs 
and POCs. Through CY 2004, Walnut Creek discharged larger volumes than Woman Creek. As 
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the Site progressed toward final closure in CY 2005,8 volumes from Woman Creek exceeded 
volumes from Walnut Creek. 
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Figure 2−5. Annual Discharge Summary from Major Site Drainages: CY 1997−2005 
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Figure 2−6. Relative Total Discharge Summary from Major Site Drainages: CY 1997−2005 
 

                                                 
8 The removal of impervious surfaces and the elimination of the WWTP significantly reduced contributions from the 
former IA in CY 2005. 
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Note: Volumes in Walnut Creek below Terminal Ponds includes effluent from former WWTP through CY 2004. 
 

Figure 2−7. Map Showing Relative CY 1997−2005 Discharge Volumes for POEs and POCs 
 
 
2.2.2.2 Retention Ponds Discharge Summary 
 
Figure 2−8 and Figure 2−9 show the annual retention ponds inflows and outflows, respectively. 
Due to the intermittent pump transfers of Pond B-5 water to Pond A-4, the volumes for the 
A- and B-Series Ponds are combined. Figure 2−10 shows the relative total CY 1997−2005 
discharge volumes from the retention ponds (as measured at GS08, GS11, and GS31) and from 
the major IA drainages to the ponds (as measured at GS10, SW027, SW091, SW093, and the 
Waste Water Treatment Plan [WWTP] [995POE]).9 Pond inflows do not necessarily equal 
outflows for any given year due to the storage of water in the ponds across water years, 
evaporative/seepage losses/gains, and local runoff to the ponds. 

                                                 
9 The WWTP was removed from service on November 4, 2004. 
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Notes: A- and B-Series Inflow is the sum of GS10, the WWTP, and SW093. The C-2 Inflow is the volume measured at SW027. 
 

Figure 2−8. Retention Pond Inflows: CY 1997−2005 
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Notes: A- and B-Series Outflow is the sum of GS11 and GS08. The C-2 Outflow is the volume measured at GS31. 
 

Figure 2−9. Retention Pond Outflows: CY 1997−2005 
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Figure 2−10. Relative Total Inflow and Outflow Volumes for RFETS Retention Ponds: CY 1997−2005 
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2.2.2.3 GS01: Woman Creek at Indiana Street 

Location⎯Woman Creek 200 feet upstream of Indiana Street; State Plane: E2093820, N744894. 

Drainage Area⎯The basin includes the Woman Creek drainage and southern portions of the 
former IA; areas west of Highway 93 also contribute runoff (total drainage acreage 
undetermined). 

Period of Record⎯September 16, 1991, to current year. 

Gage⎯Water-stage recorder and 18-inch Parshall flume (flume is located just east of Indiana 
Street, sampling conducted on Site property); prior to March 24, 1998, flow measurement was at 
the onsite sampling location using a 9-inch Parshall flume. 
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Figure 2−11. Map Showing GS01 Drainage Area 
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Figure 2−12. CY 2005 Mean Daily Hydrograph at GS01: Woman Creek at Indiana Street 
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Figure 2−13. CY 1997−2005 Mean Daily Hydrograph at GS01: Woman Creek at Indiana Street 
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2.2.2.4 GS03: Walnut Creek at Indiana Street 

Location⎯Walnut Creek at Flume Pond outlet upstream of Indiana Street; State Plane: 
E2093606, N753652. 

Drainage Area⎯The basin includes the Walnut Creek drainage and the majority of the former 
IA; areas west of Highway 93 also contribute runoff (total drainage acreage undetermined). 

Period of Record⎯September 2, 1991, to current year. 

Gage⎯Water-stage recorder and parallel 6-inch and 36-inch Parshall flumes prior to 
November 5, 2002. Rated stream section during flume construction (GS03T; 
November 5, 2002−February 12, 2003). Three-foot HL flume starting February 12, 2003. 
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Figure 2−14. Map Showing GS03 Drainage Area 
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Figure 2−15. CY 2005 Mean Daily Hydrograph at GS03: Walnut Creek at Indiana Street 
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Figure 2−16. CY 1997−2005 Mean Daily Hydrograph at GS03: Walnut Creek at Indiana Street 
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2.2.2.5 GS05: Woman Creek at West Fenceline 

Location⎯Woman Creek east of west Site boundary; State Plane: E2078428, N747260. 

Drainage Area⎯The basin includes a portion of the Woman Creek drainage; areas west of 
Highway 93 also contribute runoff (total drainage acreage undetermined). 

Period of Record⎯September 23, 1991, to current year. 

Gage⎯Water-stage recorder and 9-inch Parshall flume. 
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Figure 2−17. Map Showing GS05 Drainage Area 
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Figure 2−18. CY 2005 Mean Daily Hydrograph at GS05: North Woman Creek at West Fenceline 
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Figure 2−19. CY 1997−2005 Mean Daily Hydrograph at GS05: North Woman Creek at West Fenceline 
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2.2.2.6 GS08: South Walnut Creek at Pond B-5 Outlet 

Location⎯South Walnut Creek at Pond B-5 outlet; State Plane: E2089779, N752234. 

Drainage Area⎯The basin includes the South Walnut Creek drainage and southern portions of 
the former IA (total of 368.6 acres). 

Period of Record⎯March 23, 1994, to current year. 

Gage⎯Water-stage recorder and 24-inch Parshall flume. 
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Figure 2−20. Map Showing GS08 Drainage Area 
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Figure 2−21. CY 2005 Mean Daily Hydrograph at GS08: South Walnut Creek at Pond B-5 Outlet 
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Figure 2−22. CY 1997−2005 Mean Daily Hydrograph at GS08: South Walnut Creek at Pond B-5 Outlet 
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2.2.2.7 GS10: South Walnut Creek at B-1 Bypass 

Location⎯South Walnut Creek above B-1 Bypass; State Plane: E2086741, N750326. 

Drainage Area⎯The basin includes the central and southern portions of the former IA (total of 
246.4 acres). 

Period of Record⎯April 1, 1993, to current year. 

Gage⎯Water-stage recorder and 9-inch Parshall flume. 
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Figure 2−23. Map Showing GS10 Drainage Area 
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Figure 2−24. CY 2005 Mean Daily Hydrograph at GS10: South Walnut Creek at B-1 Bypass 
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Figure 2−25. CY 1997−2005 Mean Daily Hydrograph at GS10: South Walnut Creek at B-1 Bypass 
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2.2.2.8 GS11: North Walnut Creek at Pond A-4 Outlet 

Location⎯North Walnut Creek at Pond A-4 outlet; State Plane: E2089934, N753267. 

Drainage Area⎯The basin includes the North Walnut Creek drainage and northern portions of 
the former IA (total of 366.0 acres). 

Period of Record⎯May 12, 1992, to current year. 

Gage⎯Water-stage recorder and 24-inch Parshall flume. 
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Figure 2−26. Map Showing GS11 Drainage Area 
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Figure 2−27. CY 2005 Mean Daily Hydrograph at GS11: North Walnut Creek at Pond A-4 Outlet 
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Figure 2−28. CY 1997−2005 Mean Daily Hydrograph at GS11: North Walnut Creek at Pond A-4 Outlet 
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2.2.2.9  GS12: North Walnut Creek at Pond A-3 Outlet 

Location⎯North Walnut Creek at Pond A-3 outlet; State Plane: E2088569, N752633. 

Drainage Area⎯The basin includes the North Walnut Creek drainage and northern portions of 
the former IA (total of 331.0 acres). 

Period of Record⎯May 13, 1992, to current year. 

Gage⎯Water-stage recorder and 30-inch Parshall flume. 
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Figure 2−29. Map Showing GS12 Drainage Area 
 



 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1/
1/

05

2/
1/

05

3/
1/

05

4/
1/

05

5/
1/

05

6/
1/

05

7/
1/

05

8/
1/

05

9/
1/

05

10
/1

/0
5

11
/1

/0
5

12
/1

/0
5

1/
1/

06

Date

D
is

ch
ar

g
e 

in
 C

u
b

ic
 F

ee
t 

p
er

 S
ec

o
n

d

Electronic Record

Estimated Record

 
 

Figure 2−30. CY 2005 Mean Daily Hydrograph at GS12: North Walnut Creek at Pond A-3 Outlet 
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Figure 2−31. CY 1997−2005 Mean Daily Hydrograph at GS12: North Walnut Creek at Pond A-3 Outlet 
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2.2.2.10 GS13: North Walnut Creek above Pond A-1 

Location⎯North Walnut Creek at A-1 Bypass; State Plane: E2086145, N751872. 

Drainage Area⎯The basin includes the North Walnut Creek drainage and northern portions of 
the former IA (total of 235 acres). 

Period of Record⎯October 1, 2005, to current year. 

Gage⎯Water-stage recorder and 6-inch Parshall flume. 
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Figure 2−32. Map Showing GS13 Drainage Area 
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Figure 2−33. CY 2005 Mean Daily Hydrograph at GS13: North Walnut Creek at Pond A-1 Bypass 
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2.2.2.11 GS31: Woman Creek at Pond C-2 Outlet 

Location⎯Pond C-2 outlet; State Plane: E2089262, N747515. 

Drainage Area⎯The basin includes a portion of the former southern IA draining to the SID and 
the area surrounding Pond C-2 (total of 197.8 acres). 

Period of Record⎯October 1, 1996, to current year. 

Gage⎯Water-stage recorder and 24-inch Parshall flume. 
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Figure 2−34. Map Showing GS31 Drainage Area 
 
 



 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1/
1/

05

2/
1/

05

3/
1/

05

4/
1/

05

5/
1/

05

6/
1/

05

7/
1/

05

8/
1/

05

9/
1/

05

10
/1

/0
5

11
/1

/0
5

12
/1

/0
5

1/
1/

06

Date

D
is

ch
ar

g
e 

in
 C

u
b

ic
 F

ee
t 

p
er

 S
ec

o
n

d

Electronic Record

Estimated Record

 
 

Figure 2−35. CY 2005 Mean Daily Hydrograph at GS31: Woman Creek at Pond C-2 Outlet 
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Figure 2−36. CY 1997−2005 Mean Daily Hydrograph at GS31: Woman Creek at Pond C-2 Outlet 
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2.2.2.12 GS33: No Name Gulch at Walnut Creek 

Location⎯No Name Gulch at Walnut Creek; State Plane: E2090209, N753621. 

Drainage Area⎯The basin is the No Name Gulch drainage (total of 302.3 acres). 

Period of Record⎯September 16, 1997, to current year. 

Gage⎯Water-stage recorder and 9.5-inch Parshall flume. 
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Figure 2−37. Map Showing GS33 Drainage Area 



 

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1/
1/

05

2/
1/

05

3/
1/

05

4/
1/

05

5/
1/

05

6/
1/

05

7/
1/

05

8/
1/

05

9/
1/

05

10
/1

/0
5

11
/1

/0
5

12
/1

/0
5

1/
1/

06

Date

D
is

ch
ar

g
e 

in
 C

u
b

ic
 F

ee
t 

p
er

 S
ec

o
n

d

Electronic Record

Estimated Record

 
 

Figure 2−38. CY 2005 Mean Daily Hydrograph at GS33: No Name Gulch at Walnut Creek 
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Figure 2−39. CY 1997−2005 Mean Daily Hydrograph at GS33: No Name Gulch at Walnut Creek 
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2.2.2.13 GS51: Ditch South of 903 Pad 

Location⎯Ditch south of 903 Pad; State Plane: E2086295, N748107. 

Drainage Area⎯The basin includes an area south and east of the former 903 Pad (total of 
17.6 acres). 

Period of Record⎯August 13, 2001, to current year. 

Gage⎯Water-stage recorder and 0.75-foot H-flume. 
 

Pond 
B-1

Pond 
B-2

Pond 
B-3

Pond 
B-4

Pond 
C-1 Pond 

C-2

FC-3

FC-4

FC-4

FC-5

FC
-2

South Interceptor Ditch

Woman Creek

Woma

S. W
alnut C

reek

elope Creek

GS51

 
 

Figure 2−40. Map Showing GS51 Drainage Area 
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Figure 2−41. CY 2005 Mean Daily Hydrograph at GS51: Ditch South of 903 Pad 
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Figure 2−42. CY 2001−2005 Mean Daily Hydrograph at GS51: Ditch South of 903 Pad 
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2.2.2.14 GS59: Woman Creek Upstream of Antelope Springs Confluence 

Location⎯Woman Creek 900 feet upstream of Antelope Springs confluence; State Plane: 
E2083231, N747137. 

Drainage Area⎯The basin includes upstream reaches of the Woman Creek; areas west of 
Highway 93 also contribute runoff (total drainage acreage undetermined). 

Period of Record⎯November 20, 2002, to current year. 

Gage⎯Water-stage recorder and 1.5-foot Parshall flume. 
 

GS05

Pond 
B-1

Pond 
B-2

Pond 
B-3

Pond 
B-4

B-5

Pond 
C-1 Pond 

C-2

Woman Creek

FC-3

FC-4

FC-4

FC-5

FC
-2

F
C

-1

South Interceptor Ditch

Woman Creek

Smart Ditch

Smart Ditch

S. W
alnut C

reek

N. W

S
m

art D
itch

 2

Antelope C
reek

South Woman Creek

Owl B
ranch

Mah
onia B

ra
nch

Woman C
reek

GS59

 
 

Figure 2−43. Map Showing GS59 Drainage Area 
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Figure 2−44. CY 2005 Mean Daily Hydrograph at GS59: Woman Creek Upstream of Antelope Springs Confluence 
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Figure 2−45. CY 2002−2005 Mean Daily Hydrograph at GS59: Woman Creek Upstream of Antelope Springs Confluence 
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2.2.2.15 SW018: N. Walnut Creek Tributary East of B371 

Location⎯North Walnut Creek tributary just upstream of corrugated metal pipe under former 
B771 trailers; State Plane: E2083351, N751006. 

Drainage Area⎯The basin includes FC-2 areas tributary to North Walnut Creek (total of 
53.0 acres). 

Period of Record⎯October 10, 2003, to current year. 

Gage⎯Water-stage recorder and 1-foot Parshall flume. 
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Figure 2−46. Map Showing SW018 Drainage Area 
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Figure 2−47. CY 2005 Mean Daily Hydrograph at SW018: North Walnut Creek Tributary Areas Upstream of and Including B371 
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Figure 2−48. CY 2003−2005 Mean Daily Hydrograph at SW018: North Walnut Creek Tributary Areas Upstream of and Including B371 
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2.2.2.16 SW027: SID at Pond C-2 

Location⎯East end of SID at Pond C-2; State Plane: E2088515, N748067. 

Drainage Area⎯The basin includes the a portion of the southern IA drained by the SID (total of 
173.1 acres). 

Period of Record⎯September 11, 1991, to current year. 

Gage⎯Water-stage recorder and dual, parallel 120° V-notch weirs. 
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Figure 2−49. Map Showing SW027 Drainage Area 
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Figure 2−50. CY 2005 Mean Daily Hydrograph at SW027: SID at Pond C-2 
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Figure 2−51. CY 1997−2005 Mean Daily Hydrograph at SW027: SID at Pond C-2 
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2.2.2.17 SW093: North Walnut Creek 1,300 feet Upstream of A-1 Bypass 

Location⎯North Walnut Creek 1,300 feet above A-1 Bypass; State Plane: E2085026, N751720. 

Drainage Area⎯The basin includes the northern portion of the former IA drained by FC-3 
(total of 203.4 acres). 

Period of Record⎯September 11, 1991, to current year. 

Gage⎯Water-stage recorder and 36-inch suppressed, rectangular, sharp-crested weir to 
January 27, 2003; rated stream section during new flume construction (SW093T; 
January 27, 2003−May 29, 2003). Three-foot H flume starting May 29, 2003. 
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Figure 2−52. Map Showing SW093 Drainage Area 



 

 

 

0.0

0.5

1.0

1.5

2.0

2.5
1/

1/
05

2/
1/

05

3/
1/

05

4/
1/

05

5/
1/

05

6/
1/

05

7/
1/

05

8/
1/

05

9/
1/

05

10
/1

/0
5

11
/1

/0
5

12
/1

/0
5

1/
1/

06

Date

D
is

ch
ar

g
e 

in
 C

u
b

ic
 F

ee
t 

p
er

 S
ec

o
n

d

Electronic Record

Estimated Record

Missing data due to ice

 
 

Figure 2−53. CY 2005 Mean Daily Hydrograph at SW093: North Walnut Creek Upstream of A-1 Bypass 
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Figure 2−54. CY 1997−2005 Mean Daily Hydrograph at SW093: North Walnut Creek Upstream of A-1 Bypass 
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2.2.3 Precipitation Data 

During CY 2005, 14 precipitation gages were operated as part of the automated surface water 
monitoring network. The locations employ tipping-bucket rain gages generally mounted at 
ground level. Precipitation totals are logged on 5- and/or 15-minute intervals. The gages are not 
heated and may not accurately record equivalent precipitation for snowfall. The following 
sections present several figures summarizing the precipitation data collected for CY 1997−2005. 
 

Table 2−2. Monitoring Network Precipitation Gage Information 
 

Location Code 
[Surface Water Gage] 

Easting 
[State Plane] 

Northing 
[State Plane] Period of Operation 

PG52 [SW022] 2086407 749734 <10/1/92−4/17/05 
PG55 [NA] 2087896 747239 7/19/94−current year 

PG56 [NA] 2091513 752593 7/18/94−current year 
PG58 [GS01] 2093820 744893 10/11/96−current year 
PG59 [GS03] 2093611 753649 4/1/96−current year 

PG60 [GS04] 2085544 758125 4/1/96−9/30/05 
PG61 [GS05] 2078428 747260 4/1/96−current year 
PG62 [SW118] 2082961 751417 10/29/96−7/19/05 

PG64 [GS38] 2083689 749208 2/15/00−6/5/05 
PG69 [GS16] 2086290 751773 3/27/02−9/30/05 
PG70 [SW091] 2083373 746665 3/29/02−9/7/05 

PG71 [NA] 2076968 747517 3/31/04−6/1/05 
PG72 [NA] 2083394 751852 6/7/05−current year 
PG73 [GS13] 2086169 751876 9/27/05−current year 
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Figure 2−55. Map of Site Precipitation Gages: CY 2005 
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2.2.3.1 CY 1997–2005 Summary 
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Note: Arithmetic average of gages in operation.  

 
Figure 2−56. Annual Total Precipitation for CY 1997–2005 
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Note: Arithmetic average of gages in operation. 

 
Figure 2−57. Average Monthly Precipitation for CY 1997–2005 
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Figure 2−58. Relative Monthly Precipitation Totals for CY 1997–2005 
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2.2.3.2 CY 2005 Summary 
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Figure 2−59. Average Monthly Precipitation for CY 2005 

 
 

Apr-05
16.0%

May-05
11.5%

Jun-05
16.9%

Jul-05
3.8%

Aug-05
20.0%

Sep-05
2.6%

Oct-05
16.3%

Dec-05
0.8%

Jan-05
3.1%

Nov-05
2.3%

Feb-05
2.1%

Mar-05
4.6%

 
Note: Arithmetic average of gages in operation. 

 
Figure 2−60. Relative Monthly Precipitation Volumes for CY 2005 
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Figure 2−61. Daily Precipitation Totals for CY 2005 

 
 
2.3 Water-Quality Summaries 
 
This section presents water-quality summaries for selected analytes for the period 
January 1, 1997, through December 31, 2005 (CY 1997–2005) for the LM locations operational 
in CY 2005. Radionuclides summarized in Section 2.3.1 include plutonium (Pu), americium 
(Am),10 and total uranium. Additionally, the POE metals (total beryllium [Be], dissolved 
cadmium [Cd], total chromium [Cr], dissolved silver [Ag]) are summarized in Section 2.3.2. 
Many additional analyses are also performed based on the specific monitoring objective. The 
results and evaluation for these additional analytes are presented in Sections 2.6 through 2.11 by 
monitoring objective. 
 
2.3.1 Radionuclides 

The following summaries include all results that were not rejected through the validation 
process. Data are generally presented to decimal places as reported by the laboratories. Accuracy 
should not be inferred; minimum detectable concentrations/activities and analytical error are 
often greater than the precision presented. When a negative radionuclide result 
(e.g., −0.002 picocuries per liter [pCi/L]) is reported by the laboratory due to blank correction, 
then a value of 0.0 pCi/L is used for calculation purposes. When a sample has a corresponding 
field duplicate, the value used in calculations is the arithmetic average of the ‘real’ and 
‘duplicate’ values.11 When a sample has multiple ‘real’ analyses (e.g., Site requested ‘reruns’), 

                                                 
10 In this report, ‘plutonium’ or ‘Pu’ refers to Pu-239,240 and ‘americium’ or ‘Am’ refers to Am-241. 
11 Arithmetic averaging of radionuclide pairs is performed only when the duplicate error ratio (DER) is less than 1.5. 
If the DER is greater than or equal to 1.5, then the radionuclide results are determined to be non-representative. 
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the value used in calculations is the arithmetic average of the multiple ‘real’ analyses. Total 
uranium activity is calculated by summing the activities for the analyzed isotopes (U-233,234 + 
U-235 + U-238).  
 
The Pu/Am ratio is calculated for each sample by dividing the Pu result by the corresponding 
Am result. Ratios are only calculated for samples where both the Pu and Am results are greater 
than 0.015 pCi/L (generally the minimum detectable activity [MDA] for Pu and Am analyses) to 
exclude ratios for very low results with high relative error. 
 
The U-233,234/U-238 ratio is calculated for each sample by dividing the U-233,234 result by the 
corresponding U-238 result. Ratios are only calculated for samples where both the U-233,234 
and U-238 results are greater than 0.025 pCi/L (generally the MDA for these isotope analyses) to 
exclude ratios for very low results with high relative error. The U-233,234/U-238 ratios can only 
be used to qualitatively infer the characteristics of the uranium in Site surface water. In the past, 
Site ground water and surface water samples from select locations have been sent to Los Alamos 
National Laboratory for high resolution inductively-coupled plasma/mass spectrometry 
(HR ICP/MS) and/or thermal ionization mass spectrometry (TIMS) analyses. These analyses 
measure mass ratios of four uranium isotopes (masses 234, 235, 236, and 238) and are detailed in 
the reports titled Uranium in Surface Soil, Surface Water, and Groundwater at the Rocky Flats 
Environmental Technology Site (K-H 2004i), and in the Interim Measure/Interim Remedial 
Action for Groundwater at the Rocky Flats Environmental Technology Site (K-H 2005c). 
Isotopic ratios provide a signature that indicates whether the source of uranium is natural, 
anthropogenic (man-made), or mixed. The results to date indicate that the ground water and 
surface water locations at the Site display a predominately natural signature. 
 
Each table includes only those locations where samples were collected that were analyzed for the 
referenced analyte. Maps are also included showing monitoring locations and the corresponding 
median values of the referenced parameter. Only locations that had four or more individual 
results are mapped. 
 
Table 2−3, Table 2−4, and Figure 2−62 show that median Pu activities for all locations outside 
the former IA are below 0.15 pCi/L.12 Only GS51 (903 Lip) shows median Pu activities greater 
than 0.15 pCi/L. 
 

                                                                                                                                                             
These results are not used for the calculation of summary statistics. A more thorough discussion of data management 
is given in Appendix B.1, “Analytical Data Evaluation Methods.” 
12 The Pu, Am, and total uranium standards / action levels noted in this section apply only to POE (GS10, SW027, 
and SW093; Section 2.9) and POC (GS01, GS03, GS08, GS11, and GS31; Section 2.10) 30-day or 12-month rolling 
averages. Comparisons of standards / action levels to other locations are noted in this section for reference only. 
POEs and POCs are highlighted in bold in the tables. 
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Table 2−3. Summary Statistics for Pu-239,240 Analytical Results in CY 1997−October 13, 2005 
 

Location Samples [N] Median [pCi/L] 85th Percentile 
[pCi/L] Maximum [pCi/L] 

GS01 165 0.002 0.008 0.024 
GS03 257 0.005 0.016 0.220 
GS05 NA NA NA NA 
GS08 118 0.004 0.013 0.864 
GS10 266 0.054 0.207 2.27 
GS11 89 0.002 0.009 0.070 
GS13 NA NA NA NA 
GS31 26 0.017 0.094 0.348 
GS51 27 3.97 8.41 99.7 
GS59 30 0.000 0.004 0.020 

PLFSYSEFF NA NA NA NA 
SW018 33 0.017 0.043 0.197 
SW027 71 0.049 0.199 13.2 
SW093 284 0.010 0.063 4.18 

 
 

Table 2−4. Post-Closure Summary Statistics for Pu-239,240 Analytical Results 
 

Location Samples [N] Median [pCi/L] 85th Percentile 
[pCi/L] Maximum [pCi/L] 

GS01 1 0.000 NA NA 
GS03 * * * * 
GS05 NA NA NA NA 
GS08 * * * * 
GS10 2 0.011 0.016 0.018 
GS11 * * * * 
GS13 NA NA NA NA 
GS31 * * * * 
GS51 * * * * 

GS59 NA NA NA NA 
PLFSYSEFF NA NA NA NA 
SW018 3 0.000 0.003 0.004 
SW027 * * * * 
SW093 1 0.006 NA NA 

Notes: * = No post-closure results through CY 2005 
NA = Analyte not sampled 
Bold-face type = POC or POE 
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Note: Only locations with four or more results are mapped. 
 

Figure 2−62. Map Showing Median Pu-239,240 Activities for CY 1997–2005 
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Table 2−5, Table 2−6, and Figure 2−63 show that median Am activities for all locations outside 
the former IA are below 0.15 pCi/L. Only GS51 (903 Lip) within the former IA shows median 
Am activities greater than 0.15 pCi/L. 
 

Table 2−5. Summary Statistics for Am-241 Analytical Results in CY 1997−October 13, 2005 
 

Location Samples [N] Median [pCi/L] 85th Percentile 
[pCi/L] Maximum [pCi/L] 

GS01 164 0.001 0.008 0.054 
GS03 258 0.006 0.018 0.066 
GS05 NA NA NA NA 
GS08 118 0.006 0.015 0.275 
GS10 259 0.057 0.193 8.39 
GS11 88 0.003 0.010 0.047 
GS13 NA NA NA NA 
GS31 26 0.009 0.020 0.116 
GS51 25 0.807 1.76 3.41 
GS59 30 0.001 0.004 0.015 

PLFSYSEFF NA NA NA NA 
SW018 34 0.008 0.024 0.091 
SW027 71 0.009 0.045 2.33 
SW093 279 0.012 0.052 14.1 

 
 

Table 2−6. Post-Closure Summary Statistics for Am-241 Analytical Results 
 

Location Samples [N] Median [pCi/L] 85th Percentile 
[pCi/L] Maximum [pCi/L] 

GS01 1 0.001 NA NA 
GS03 * * * * 
GS05 NA NA NA NA 
GS08 * * * * 
GS10 2 0.007 0.012 0.014 
GS11 * * * * 
GS13 NA NA NA NA 
GS31 * * * * 
GS51 * * * * 

GS59 NA NA NA NA 
PLFSYSEFF NA NA NA NA 
SW018 3 0.000 0.001 0.001 
SW027 * * * * 
SW093 1 0.000 NA NA 

Notes: * = No post-closure results through CY 2005 
NA = Analyte not sampled 
Bold-face type = POC or POE 
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Note: Only locations with four or more results are mapped. 

 
Figure 2−63. Map Showing Median Am-241 Activities for CY 1997–2005  
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Table 2−7, Table 2−8, and Figure 2−64 show that median total uranium activities for all 
locations are below the action level of 10 pCi/L (11 pCi/L for Woman Creek). Recent data from 
GS10 and GS13 show total uranium levels in excess of 10 pCi/L. The measurements at GS10 are 
likely due to naturally occurring uranium in ground water. Source evaluation for GS10 has 
identified hydrologic changes at GS10 as the cause of the increases in total uranium. As 
impervious areas were removed at the Site (reducing direct runoff during precipitation events), 
contributions to the creek from ground water with naturally occurring uranium represented a 
larger portion of the streamflow monitored at GS10. Without direct runoff contributions to mix 
with the ground water uranium contributions, samples from GS10 began to reflect the naturally 
occurring ground water uranium concentrations (often significantly greater than the surface 
water action level). 
 

Table 2−7. Summary Statistics for Total Uranium Analytical Results in CY 1997−October 13, 2005 
 

Location Samples [N] Median [pCi/L] 85th Percentile [pCi/L] Maximum [pCi/L] 
GS01 53 3.26 5.10 9.35 
GS03 78 1.75 3.25 5.43 
GS05 NA NA NA NA 
GS08 118 1.32 2.23 6.87 
GS10 266 3.23 5.04 14.0 
GS11 89 2.10 3.08 4.06 
GS13 56 8.44 12.9 23.5 
GS31 26 2.21 2.68 4.07 
GS51 26 1.07 1.83 2.76 

GS59 31 0.762 1.24 3.87 
PLFSYSEFF NA NA NA NA 
SW018 33 3.87 5.43 7.94 
SW027 71 1.32 2.92 4.48 
SW093 284 2.72 4.16 7.33 

 
 

Table 2−8. Post-Closure Summary Statistics for Total Uranium Analytical Results 
 

Location Samples [N] Median [pCi/L] 85th Percentile [pCi/L] Maximum [pCi/L] 
GS01 1 5.16 NA NA 
GS03 * * * * 
GS05 1 0.225 NA NA 
GS08 * * * * 
GS10 2 15.8 16.8 17.2 
GS11 * * * * 
GS13 1 14.8 NA NA 
GS31 * * * * 
GS51 NA NA NA NA 

GS59 * * * * 
PLFSYSEFF 1 7.51 NA NA 
SW018 NA NA NA NA 
SW027 * * * * 
SW093 1 5.62 NA NA 

Notes: * = No post-closure results through CY 2005 
NA = Analyte not sampled 
Bold-face type = POC or POE 
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Note: Only locations with four or more results are mapped. 
 

Figure 2−64. Map Showing Median Total Uranium Activities for CY 1997–2005  
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Table 2−9 and Table 2−10 lists the average Pu/Am activity ratios for locations where samples 
are analyzed for Pu and Am. A ratio greater than one indicates Pu activity in excess of Am 
activity. Conversely, a ratio less than one indicates Am activity in excess of Pu activity. 
Generally, Pu activities are greater than Am activities in surface water at the Site. The higher 
ratios at GS31, GS51, and SW027 are likely due to their proximity to the 903 Pad/Lip area. The 
high ratio at GS08 is due to a few unusual results with higher Pu and very low Am. 
 

Table 2−9. Average Pu/Am Ratios for Analytical Results in CY 1997−October 13, 2005 
 

Location Samples [N]a Average Pu/Am Ratio 
GS01 1 1.5 
GS03 14 2.1 
GS05 NA NA 
GS08 5 8.9 
GS10 196 1.3 
GS11 * * 
GS13 NA NA 
GS31 4 3.9 
GS51 24 4.6 

GS59 * * 
PLFSYSEFF NA NA 
SW018 9 1.8 
SW027 26 4.9 
SW093 95 1.8 

aNumber of samples where both Pu and Am were greater than 0.015 pCi/L 
*No results greater than 0.015 pCi/L 
Bold-face type = POC or POE 
NA = Analyte not sampled 
 

 
 

Table 2−10. Post-Closure Average Pu/Am Ratios for Analytical Results 
 

Location Samples [N]a Average Pu/Am Ratio 
GS01 * * 
GS03 * * 
GS05 NA NA 
GS08 * * 
GS10 * * 
GS11 * * 
GS13 NA NA 
GS31 * * 
GS51 * * 
GS59 NA NA 
PLFSYSEFF NA NA 

SW018 * * 
SW027 * * 
SW093 * * 

aNumber of samples where both Pu and Am were greater than 0.015 pCi/L 
*No results greater than 0.015 pCi/L 
Bold-face type = POC or POE 
NA = Analyte not sampled 



 

In
d

ia
n

a 
S

tr
ee

t

Former
IA

SW018

SW093

GS10

SW027

GS31

GS08

GS03

GS51

N. Walnut Creek

S. W
alnut C

reek

Woman Creek

Woman Creek

Walnut Creek

Culverts / Storm Drains

Surface-Water Monitoring Locations
Average Pu/Am Ratio

CY97-05 Data

0.0 - 0.5

0.5 - 1.0

1.0 - 2.0

4.0+

2.0 - 4.0

 
Note: Only locations with four or more results are mapped. 
 

Figure 2−65. Map Showing Average Pu/Am Ratios for CY 1997–2005  
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Naturally occurring uranium generally shows a U-233,234/U-238 activity ratio of approximately 
one. The U-233,234/U-238 activity ratios at Site surface water monitoring locations may be used 
as an indication of the existence of uranium with ‘unnatural’ ratios. Although this evaluation 
does not deal systematically with analytical counting errors. Table 2−11, Table 2−12, and 
Figure 2−66 are presented here for reference. 
 

Table 2−11. Average U-233,234/U-238 Ratios for Analytical Results in CY 1997−October 13, 2005 
 

Location Samples [N]a Average U-233,234/U-238 
Ratio 

GS01 53 1.3 
GS03 78 1.2 
GS05 NA NA 
GS08 118 1.1 
GS10 266 1.1 
GS11 89 1.0 
GS13 56 1.1 
GS31 26 0.9 
GS51 26 1.0 
GS59 31 1.3 
PLFSYSEFF NA NA 
SW018 33 0.6 
SW027 71 0.8 
SW093 284 1.0 

aNumber of samples where both U-233,234 and U-238 were greater than 0.025 pCi/L 
Bold-face type = POC or POE 
NA = Analyte not sampled 
 

 
 

Table 2−12. Post-Closure Average U-233,234/U-238 Ratios for Analytical Results 
 

Location Samples [N]a Average U-233,234/U-238 
Ratio 

GS01 1 1.2 
GS03 * * 
GS05 1 0.9 
GS08 * * 
GS10 2 1.0 
GS11 * * 
GS13 1 1.1 
GS31 * * 
GS51 * * 
GS59 * * 
PLFSYSEFF 1 1.6 
SW018 NA NA 
SW027 * * 
SW093 1 1.2 

aNumber of samples where both U-233,234 and U-238 were greater than 0.025 pCi/L 
Bold-face type = POC or POE 
NA = Analyte not sampled 
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Note: Only locations with four or more results are mapped. 

 
Figure 2−66. Map Showing Average U-233,234/U-238 Ratios for CY 1997–2005  
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In the past, Site ground water and surface water samples from select locations have been sent to 
Los Alamos National Laboratory for HR ICP/MS and/or TIMS analyses. These analyses 
measure mass ratios of the four uranium isotopes (masses 234, 235, 236, and 238) and are 
detailed in KH (2004i, 2005k). Isotopic ratios provide a signature that indicates whether the 
source of uranium is natural or anthropogenic (man-made). The results indicate that ground 
water and surface-water at the Site display a predominately natural signature. 
 
2.3.2 POE Metals 

The following summaries include all results that were not rejected through the validation 
process. Data are generally presented to decimal places as reported by the laboratories. Accuracy 
should not be inferred; minimum detectable concentrations/activities and analytical error are 
often greater than the precision presented. When an 'undetect' is returned from the lab for metals 
analyses, then half the detection limit is used for calculation purposes. When a sample has a 
corresponding field duplicate, the value used in calculations is the arithmetic average of the 
‘real’ value and the ‘duplicate’. 13 When a sample has multiple ‘real’ analyses (Site requested 
‘reruns’), the value used in calculations is the arithmetic average of the multiple ‘real’ analyses.  
 

Table 2−13. Summary Statistics for POE Metals Results from GS10 in CY 1997−October 13, 2005 
 

Analyte Samples 
[N] Undetect 

Median 
[µg/L] 

85th Percentile 
[µg/L] Maximum [µg/L] 

Total Be 263 32.3% 0.12 0.63 3.40 
Dissolved Cd 259 59.1% 0.05 0.15 1.00 
Total Cr 264 13.3% 2.40 9.72 80.10 

Dissolved Ag 258 88.8% 0.11 0.18 1.10 

 
 

Table 2−14. Post-Closure Summary Statistics for POE Metals Results from GS10 
 

Analyte Samples 
[N] Undetect 

Median 
[µg/L] 

85th Percentile 
[µg/L] Maximum [µg/L] 

Total Be 2 100.0% 0.50 0.50 0.50 

Dissolved Cd 2 100.0% 0.10 0.13 0.14 
Total Cr 2 100.0% 0.50 0.50 0.50 
Dissolved Ag 2 100.0% 0.10 0.10 0.10 

 
 

Table 2−15. Summary Statistics for POE Metals Results from SW027 in CY 1997−October 13, 2005 
 

Analyte Samples 
[N] Undetect 

Median 
[µg/L] 

85th Percentile 
[µg/L] Maximum [µg/L] 

Total Be 70 45.7% 0.09 0.41 1.30 
Dissolved Cd 70 68.6% 0.05 0.13 0.70 

Total Cr 70 8.6% 1.70 4.03 31.2 
Dissolved Ag 68 85.3% 0.12 0.24 0.72 

 
 

                                                 
13 Arithmetic averaging of metal pairs is performed only when the RPD is less than 100 percent. If the RPD is 
greater than or equal to 100 percent, then the metal results are determined to be non-representative. The results are 
then not used for the calculation of summary statistics.  
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Table 2−16. Post-Closure Summary Statistics for POE Metals Results from SW027 
 

Analyte Samples 
[N] Undetect 

Median 
[µg/L] 

85th Percentile 
[µg/L] Maximum [µg/L] 

Total Be 0 NA NA NA NA 

Dissolved Cd 0 NA NA NA NA 
Total Cr 0 NA NA NA NA 
Dissolved Ag 0 NA NA NA NA 

 
 

Table 2−17. Summary Statistics for POE Metals Results from SW093 in CY 1997−October 13, 2005 
 

Analyte Samples 
[N] Undetect 

Median 
[µg/L] 

85th Percentile 
[µg/L] Maximum [µg/L] 

Total Be 284 35.2% 0.11 0.55 2.10 
Dissolved Cd 284 68.7% 0.05 0.14 2.20 

Total Cr 283 16.3% 2.00 7.40 34.90 
Dissolved Ag 280 89.6% 0.10 0.18 1.03 

 
 

Table 2−18. Post-Closure Summary Statistics for POE Metals Results from SW093 
 

Analyte Samples 
[N] Undetect 

Median 
[µg/L] 

85th Percentile 
[µg/L] Maximum [µg/L] 

Total Be 1 100.0% 0.50 0.50 0.50 
Dissolved Cd 1 100.0% 0.05 0.05 0.05 

Total Cr 1 100.0% 0.50 0.50 0.50 
Dissolved Ag 1 100.0% 0.10 0.10 0.10 

 
 
2.4 Loading Analysis 
 
This section provides a summary of actinide loads (Am, Pu, and total uranium) for RFCA POEs 
and POCs. These locations collect continuous flow paced composite samples for laboratory 
analysis. The nature of the continuous sampling during all flow conditions allows for more 
accurate load estimations compared to storm-event or grab sampling. The activity for each 
composite sample (pCi/L) is multiplied by the corresponding stream discharge (L) during the 
composite sample period, to yield the load (pCi). The total pCi value is then converted to 
micrograms (µg) using the conversion factors in Table 2−19.14 A detailed description of the 
method for load estimation is given in Appendix B1, “Data Evaluation Methods.” 15 
 

Table 2−19. Activity to Mass Conversion Factors for Pu, Am, and U Isotopes 
 

Analyte Mass/Activity (g/Ci) 
Pu-239,240 14.085 

Am-241 0.292 
U-233,234 1.6 E+02 
U-235 4.63 E+05 

U-238 2.98 E+06 

                                                 
14 In the following tables and plots, values are rounded for presentation. 
15 Data are generally presented at varying precision for presentation. Accuracy should not be inferred; both 
analytical and flow measurement error have not been quantified in this report. 



 
Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy 
Doc. No. S0235400 June 2006 
Page 2–84 

 
The Pu-239,240 conversion factor was derived from Table 2.7.2-2 in the April 1980 Final 
Environmental Impact Statement (Final Statement to ERDA 1545-D), Rocky Flats Plant Site. 
 
The conversion factors for Am-241, U-233,234, U-235, and U-238 were taken from the Code of 
Federal Regulations, Title 40, Chapter I, Part 302.4, Appendix B, October 7, 2000.16 
 
2.4.1 Site-Wide 

This section summarizes the calculated Site-wide Pu and Am loads for selected locations. Total 
uranium data collection began at GS01 and GS03 just prior to CY 2003, as such only 
CY 2003−2005 data are shown. The following points are noted: 

• Figure 2−67 shows that the Site retention ponds are effective at removing Pu from the water 
column. The A- and B-Series Ponds remove 82 percent of the Pu load from the former IA 
in Walnut Creek, while Pond C-2 removes 92 percent of the Pu load from the former IA in 
Woman Creek. For lower Walnut Creek, there is a small calculated Pu loss between the 
Terminal Ponds and GS03. For lower Woman Creek, however, there is a significant gain in 
Pu load between Pond C-2 and GS01. This is likely due to transport of diffuse, low-level Pu 
contamination in the much larger flow volumes measured at GS01 (2,425 ac-ft at GS01; 
252 ac-ft at GS31). The volume-weighted average Pu activity of 0.005 pCi/L at GS01 is 
significantly below the standard of 0.15 pCi/L. 

• Figure 2−68 shows that the Site retention ponds are also effective at removing Am from the 
water column. The A- and B-Series Ponds remove 89 percent of the Am load from the 
former IA in Walnut Creek, while Pond C-2 removes a calculated 77 percent of the Am 
load from the former IA in Woman Creek. For lower Walnut Creek, there is a small 
calculated Am gain between the Terminal Ponds and GS03. For lower Woman Creek, 
however, there is a significant percentage gain in Am load between Pond C-2 and GS01. 
This is likely due to transport of diffuse, low-level Am contamination in the much larger 
flow volumes measured at GS01 (2,425 ac-ft at GS01; 252 ac-ft at GS31). The volume-
weighted Am activity of 0.004 pCi/L at GS01 is significantly below the standard of 
0.15 pCi/L. 

• Isotopic uranium17 analysis at both GS01 and GS03 began just prior to CY 2003. 
Figure 2−69 shows that the Site retention ponds have very little effect on uranium activities. 
Since uranium is far more likely to be transported as a dissolved constituent, lack of 
uranium removal by physical settling is expected. In fact, Pond C-2 shows a significant gain 
in total uranium loads, likely caused by ground water discharging directly to the pond. For 
lower Walnut Creek, there is a 6.5 percent calculated uranium gain between the Terminal 
Ponds and GS03. For lower Woman Creek, however, there is a much larger gain 
(650 percent) in uranium load between Pond C-2 and GS01. This is likely due to naturally 
occurring uranium in the much larger flow volumes measured at GS01 (since 2003, 
774 ac-ft at GS01; 89 ac-ft at GS31)18. The volume-weighted total uranium activity of 
2.05 pCi/L at GS01 is significantly below the standard of 11 pCi/L. 

                                                 
16 The U-234 conversion factor was used to represent U-233,234 due to the small relative abundance of U-233. 
17 Total uranium is calculated as the sum of individual isotopes: U-233.234 + U-235 + U-238. 
18 For the CY 2003−2005 period. 
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Note: Location symbols are displayed proportional to calculated load and shaded according to activity ranges in legend. 

 
Figure 2−67. Site-Wide Relative Pu Loading Schematic: CY 1997−2005 
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Note: Location symbols are displayed proportional to calculated load and shaded according to activity ranges in legend. 

 
Figure 2−68. Site-Wide Relative Am Loading Schematic: CY 1997−2005 
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Note: Location symbols are displayed proportional to calculated load and shaded according to activity ranges in legend. 

 
Figure 2−69. Site-Wide Relative Total Uranium Loading Schematic: CY 2003−2005 
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2.4.2 Fenceline Points of Compliance 

This section summarizes the calculated offsite Pu and Am loads from Walnut and Woman 
Creeks. The following points are noted: 

• Walnut Creek accounts for 78 percent of the Pu (Figure 2−72) and 79 percent of the Am 
(Figure 2−74) loads from the Site. The fact that Walnut Creek accounts for 61 percent of 
the combined Walnut and Woman Creek flow volumes (Section 2.2.2.1) shows that the 
activities in Walnut Creek are somewhat higher than Woman Creek. 

• Both Pu and Am loads have decreased in recent years as Site closure activities have 
reduced discharge volumes and eliminated source terms (Figure 2−70). 

• Uranium analysis at both GS01 and GS03 began just prior to CY 2003. Walnut Creek 
accounts for 61 percent of the total uranium (Figure 2−76) load from the Site for 
CY 2003−2005 (58 percent of the flow volume). 

 
Table 2−20. Offsite Pu and Am Loads from Walnut and Woman Creeks: CY 1997–2005 

 
Pu-239,240 (µg) Am-241 (µg) Calendar 

Year Walnut Creek Woman Creek Site Total Walnut Creek Woman Creek Site Total 
1997 262.4 47.9 310.3 2.99 0.40 3.39 
1998 172.2 55.4 227.6 2.66 0.99 3.65 

1999 150.2 56.7 206.9 1.83 0.75 2.57 
2000 26.0 6.1 32.1 0.74 0.18 0.92 
2001 58.6 22.4 81.0 0.63 0.30 0.93 

2002 37.4 0.8 38.2 0.37 0.03 0.40 
2003 57.6 25.9 83.5 1.07 0.34 1.41 
2004 33.1 4.7 37.8 0.70 0.15 0.86 

2005 30.3 12.5 42.7 1.67 0.30 1.97 
Total 827.8 232.3 1,060.1 12.67 3.43 16.09 

Note: During CY 1997, flows from Woman Creek were routinely diverted to Mower Ditch for subsequent monitoring at GS02. 
Therefore, the load calculated for Woman Creek at Indiana Street (GS01) includes the water that was measured at GS02. The 
estimated load diverted to GS02 is calculated by multiplying the CY 1997 volume-weighted activities at GS01 by the streamflow 
volume measured at GS02, and converting for units. This diverted load is then added to the calculated load at GS01 to obtain the 
total CY 1997 load at GS01. For subsequent water years, the Mower diversion structure has been upgraded and configured to 
prevent Woman Creek flows from entering the Mower Ditch. 
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Figure 2−70. Combined Annual Pu and Am Loads from Walnut and Woman Creeks: CY 1997–2005 
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Figure 2−71. Annual Pu Loads from Walnut and Woman Creeks: CY 1997–2005 
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Figure 2−72. Relative Pu Load Totals from Walnut and Woman Creeks: CY 1997–2005 
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Figure 2−73. Annual Am Loads from Walnut and Woman Creeks: CY 1997–2005 
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Figure 2−74. Relative Am Load Totals from Walnut and Woman Creeks: CY 1997–2005 
 
 

Table 2−21. Total Uranium Loads from Walnut and Woman Creeks: CY 2003−2005 
 

Total Uranium (g) 
Calendar Year 

Walnut Creek Woman Creek 

2003 1,751 790 

2004 744 808 

2005 1,482 921 

Total 3,977 2,519 
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Figure 2−75. Annual Total Uranium Loads from Walnut and Woman Creeks: CY 2003–2005 
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Figure 2−76. Relative Total Uranium Load from Walnut and Woman Creeks: CY 2003−2005 
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2.4.3 Walnut Creek (POC GS03) 

This section summarizes the calculated Pu and Am loads in Walnut Creek at GS03 (Walnut and 
Indiana Street⎯equivalent to the offsite load from Walnut Creek discussed in the previous 
section), GS08 (Pond B-5), and GS11 (Pond A-4). Total uranium data collection began at GS03 
on November 5, 2002, as such only CY 2003−2005 data are shown. The following points are 
noted: 

• Annual Pu and Am loads vary by up to two orders of magnitude year-to-year (Figure 2−78 
and Figure 2−81). 

• Pu and Am loads appear to be decreasing at GS03 (Figure 2−77). The slight increase in Am 
loads at GS03 during CY 2005 is due to increased Am contributions to the A-Series Ponds 
related to the decontamination and decommissioning (D&D) of B771. Treatment of 
Pond A-4 water was successful in reducing Am levels well below the applicable standard 
(0.15 pCi/L), but the Am activity of the discharged water was somewhat higher than 
normal. Pond B-5 also showed some increased Am activity due to temporarily increased 
Am load associated with solids transport resulting from the construction of Functional 
Channel #4. These slightly higher Am activities were subsequently measured at GS03. 

• Pu and Am loads from B-5 are significantly greater than loads from A-4 (Table 2−22 and 
Table 2−23), a result of both higher activities and larger discharge volumes. 

• Total Pu loads from A-4 and B-5 for the entire period of 1997 through 2005 are marginally 
greater than the loads at GS03 (Table 2−22 and Figure 2−79), indicating a small net loss of 
load (−6 percent) to the Walnut Creek streambed below A-4 and B-5. (Figure 2−80 displays 
the annual gain/loss.) 

• Total Am loads from A-4 and B-5 for the entire period of 1997 through 2005 are marginally 
less than the loads at GS03 (Table 2−23 and Figure 2−82), indicating a small net gain of 
load (11 percent) from tributaries and the Walnut Creek streambed below A-4 and B-5. 
(Figure 2−83 displays the annual gain/loss.) 

• Total CY 2003−2005 uranium loads from A-4 and B-5 for the entire period of 1997 through 
2005 are less than the loads at GS03 (Figure 2−85), indicating a small net gain of load 
(7 percent) from tributaries and the Walnut Creek streambed below A-4 and B-5. 
(Figure 2−86 displays the annual gain/loss.) 

• The significant annual variability in Pu and Am loads is likely due to the very low 
measured activities and the inherent analytical error at such low levels. 
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Table 2−22. Pu Loads at GS03, GS08, and GS11: CY 1997–2005 
 

Pu-239,240 (µg) 
Calendar 

Year Pond A-4 [GS11] Pond B-5 [GS08] 
Walnut Creek 

Terminal Ponds 
Total 

POC GS03 Percent 
Gain/Loss 

1997 59.2 8.8 68.0 262.4 286% 
1998 20.0 22.4 42.4 172.2 306% 
1999 23.8 261.4 285.2 150.2 −47% 

2000 28.4 244.6 273.0 26.0 −90% 
2001 4.7 32.3 37.0 58.6 58% 
2002 0.1 7.8 7.9 37.4 373% 

2003 7.3 111.5 118.8 57.6 −52% 
2004 2.2 27.1 29.3 33.1 13% 
2005 2.2 17.9 20.1 30.3 51% 
Total 147.9 733.9 881.8 827.8 −6% 

 
 

Table 2−23. Am Loads at GS03, GS08, and GS11: CY 1997–2005 
 

Am-241 (µg) 
Calendar 

Year Pond A-4 [GS11] Pond B-5 [GS08] 
Walnut Creek 

Terminal Ponds 
Total 

POC GS03 Percent 
Gain/Loss 

1997 0.70 0.25 0.95 2.99 214% 

1998 1.25 0.35 1.60 2.66 66% 
1999 0.20 1.81 2.01 1.83 −9% 
2000 0.02 3.14 3.16 0.74 −77% 

2001 0.11 0.46 0.57 0.63 9% 
2002 0.04 0.25 0.29 0.37 28% 
2003 0.18 0.54 0.72 1.07 49% 

2004 0.14 0.58 0.73 0.70 −3% 
2005 0.43 0.97 1.39 1.67 20% 
Total 3.08 8.36 11.44 12.67 11% 

 
 



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 2–95 

26
2.

4

17
2.

2

15
0.

2

26
.0

58
.6

37
.4

57
.6

33
.1

30
.3

2.
99

2.
66

1.
83

0.
74

0.
63

0.
37

1.
07

0.
70

1.
67

0

50

100

150

200

250

300

1997 1998 1999 2000 2001 2002 2003 2004 2005

Calendar Year

L
o

ad
 in

 µ
g

Pu-239,240

Am-241

 
 

Figure 2−77. Annual Pu and Am Loads at GS03: CY 1997–2005 
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Figure 2−78. Annual Pu Loads at GS03, GS08, and GS11: CY 1997–2005 
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Figure 2−79. Relative Pu Load Totals at GS03, GS08, and GS11: CY 1997–2005 
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Figure 2−80. Annual Pu Load Gain/Loss for Walnut Creek: CY 1997–2005 
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Figure 2−81. Annual Am Loads at GS03, GS08, and GS11: CY 1997–2005 
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Figure 2−82. Relative Am Load Totals at GS03, GS08, and GS11: CY 1997–2005 
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Figure 2−83. Annual Am Load Gain/Loss for Walnut Creek: CY 1997–2005 
 
 

Table 2−24. Total Uranium Loads at GS03, GS08, and GS11: CY 2003−2005 
 

Total Uranium (g) 
Calendar 

Year Pond A-4 [GS11] Pond B-5 [GS08] 
Walnut Creek 

Terminal Ponds 
Total 

POC GS03 Percent 
Gain/Loss 

2003 865 610 1,474 1,751 19% 

2004 316 390 705 744 5% 

2005 165 1,389 1,554 1,482 −5% 

Total 1,345 2,388 3,733 3,977 7% 
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Figure 2−84. Annual Total Uranium Loads at GS03, GS08, and GS11: CY 2003−2005 
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Figure 2−85. Relative Total Uranium Load Totals at GS03, GS08, and GS11: CY 2003−2005 
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Figure 2−86. Annual Total Uranium Load Gain/Loss for Walnut Creek: CY 2003−2005 
 
 
2.4.4 Woman Creek (POC GS01) 

This section summarizes the calculated Pu and Am loads in Woman Creek at GS01 (Woman 
Creek at Indiana Street) and GS31 (Pond C-2). Total uranium data collection began at GS01 on 
February 3, 2003, as such only CY 2003−2005 data are shown. The following points are noted: 

• Annual Pu and Am loads generally vary by up to two orders of magnitude year-to-year 
(Figure 2−88 and Figure 2−91). 

• Pu and Am loads appear to be decreasing at GS01 (Figure 2−87). 

• Total Pu loads from C-2 are significantly less than the loads at GS01 (Table 2−25 and 
Figure 2−89), indicating a significant gain of load from the Woman Creek drainage 
(175 percent). 

• Total Am loads from C-2 are significantly less than the loads at GS01 (Table 2−26 and 
Figure 2−92), indicating a significant gain of load from the Woman Creek drainage 
(258 percent). 

• Total CY 2003−2005 uranium load from C-2 is significantly less than the load at GS01 
(Table 2−27 and Figure 2−95), indicating a significant gain of load (651 percent) from the 
Woman Creek drainage. 
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Table 2−25. Pu Loads at GS01 and GS31: CY 1997–2005 
 

Pu-239,240 (µg) Calendar Year 
Pond C-2 [GS31] POC GS01 Percent Gain/Loss 

1997 16.7 47.9 187% 
1998 2.2 55.4 2,463% 

1999 26.9 56.7 111% 
2000 0.0; No C-2 Discharge 6.1 NA 
2001 11.0 22.4 104% 

2002 0.2 0.8 246% 
2003 11.0 25.9 136% 
2004 11.5 4.7 −59% 

2005 5.0 12.5 149% 
Total 84.5 232.3 175% 

Note: During CY 1997 (through September 30, 1997), flows from Woman Creek were routinely diverted to Mower Ditch for 
subsequent monitoring at GS02 (discontinued location). Therefore, the load calculated for Woman Creek at Indiana Street (GS01) 
includes the water that was measured at GS02. The estimated load diverted to GS02 is calculated by multiplying the CY 1997 
volume-weighted activities at GS01 by the streamflow volume measured at GS02, and converting for units. This diverted load is 
then added to the calculated load at GS01 to obtain the total CY 1997 load at GS01. For subsequent water years, the Mower 
diversion structure has been upgraded and configured to prevent Woman Creek flows from entering the Mower Ditch. 

 
 

Table 2−26. Am Loads at GS01 and GS31: CY 1997–2005 
 

Am-241 (µg) Calendar Year 
Pond C-2 [GS31] POC GS01 Percent Gain/Loss 

1997 0.17 0.40 132% 
1998 0.27 0.99 267% 

1999 0.13 0.75 479% 
2000 0.00; No C-2 Discharge 0.18 NA 
2001 0.14 0.30 110% 

2002 <0.01 0.03 3,263% 
2003 0.09 0.34 261% 
2004 0.11 0.15 38% 

2005 0.04 0.30 648% 
Total 0.96 3.43 258% 

Note: During CY 1997 (through September 30, 1997), flows from Woman Creek were routinely diverted to Mower Ditch for 
subsequent monitoring at GS02 (discontinued location). Therefore, the load calculated for Woman Creek at Indiana Street (GS01) 
includes the water that was measured at GS02. The estimated load diverted to GS02 is calculated by multiplying the CY 1997 
volume-weighted activities at GS01 by the streamflow volume measured at GS02, and converting for units. This diverted load is 
then added to the calculated load at GS01 to obtain the total CY 1997 load at GS01. For subsequent water years, the Mower 
diversion structure has been upgraded and configured to prevent Woman Creek flows from entering the Mower Ditch. 
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Figure 2−87. Annual Pu and Am Loads at GS01: CY 1997–2005 
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Figure 2−88. Annual Pu Loads at GS01 and GS31: CY 1997–2005 
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Figure 2−89. Relative Pu Load Totals at GS01 and GS31: CY 1997–2005 
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Figure 2−90. Annual Pu Load Gain/Loss for Woman Creek: CY 1997–2005 
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Figure 2−91. Annual Am Loads at GS01 and GS31: CY 1997–2005 
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Figure 2−92. Relative Am Load Totals at GS01 and GS31: CY 1997–2005 
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Figure 2−93. Annual Am Load Gain/Loss for Woman Creek: CY 1997–2005 
 
 

Table 2−27. Total Uranium Loads at GS01 and GS31: CY 2003−2005 
 

Total Uranium (g) 
Calendar Year 

Pond C-2 [GS31] POC GS01 Percent Gain/Loss 

2003 129 790 513% 

2004 92 808 777% 

2005 115 921 703% 

Total 336 2,519 651% 
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Figure 2−94. Annual Total Uranium Loads at GS01 and GS31: CY 2003−2005 
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Figure 2−95. Relative Total Uranium Load Totals at GS01 and GS31: CY 2003−2005 
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Figure 2−96. Annual Total Uranium Load Gain/Loss for Woman Creek: CY 2003−2005 
 
 
2.4.5 Terminal Retention Ponds 

This section summarizes the calculated Pu, Am, and total uranium loads from Terminal 
Ponds A-4, B-5, and C-2. The following points are noted: 

• Annual Pu and Am loads vary significantly year-to-year (Figure 2−97 and Figure 2−99). 

• A general reduction in Pu and Am loads is noted (Figure 2−97 and Figure 2−99). 

• Pond B-5 accounts for a majority (76 percent) of the Pu load from the Site Terminal Ponds 
(Figure 2−98). 

• Pond B-5 accounts for a majority (67 percent) of the Am load from the Site Terminal Ponds 
(Figure 2−100). 

• Pond A-4 accounts for a slim majority (46 percent) of the total uranium loads from the Site 
Terminal Ponds (Figure 2−102). 
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Table 2−28. Pu and Am Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 
 

Pu-239,240 (µg) Am-241 (µg) Calendar 
Year Pond A-4 

[GS11] 
Pond B-5 

[GS08] 
Pond C-2 

[GS31] 
Pond A-4 

[GS11] 
Pond B-5 

[GS08] 
Pond C-2 

[GS31] 
1997 59.2 8.8 16.7 0.70 0.25 0.17 

1998 20.0 22.4 2.2 1.25 0.35 0.27 
1999 23.8 261.4 26.9 0.20 1.81 0.13 

2000 28.4 244.6 0.0;  
No C-2 Discharge 

0.02 3.14 0.00;  
No C-2 Discharge 

2001 4.7 32.3 11.0 0.11 0.46 0.14 
2002 0.1 7.8 0.2 0.04 0.25 <0.01 

2003 7.3 111.5 11.0 0.18 0.54 0.09 
2004 2.2 27.1 11.5 0.14 0.58 0.11 
2005 2.2 17.9 5.0 0.43 0.97 0.04 
Total 147.9 733.9 84.5 3.08 8.36 0.96 
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Figure 2−97. Annual Pu Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 
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Figure 2−98. Relative Pu Load Totals from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 
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Figure 2−99. Annual Am Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 
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Figure 2−100. Relative Am Load Totals from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 

 
 

Table 2−29. Total Uranium Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 
 

Total Uranium (g) Calendar Year 
Pond A-4 [GS11] Pond B-5 [GS08] Pond C-2 [GS31] 

1997 1,365 252 231 
1998 1,301 620 216 

1999 633 809 189 

2000 386 465 0.000; 
No C-2 Discharge 

2001 564 639 67 
2002 132 258 1 
2003 865 610 129 

2004 316 390 92 
2005 165 1,389 115 
Total 5,727 5,432 1,039 
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Figure 2−101. Annual Total Uranium Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 
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Figure 2−102. Relative Total Uranium Load from Terminal Ponds A-4, B-5, and C-2: CY 1997–2005 
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2.4.5.1 A- and B-Series Ponds (POCs GS08 and GS11) 
 
This section summarizes the calculated Pu, Am, and total uranium loads for the A- and B-Series 
Ponds. Since water transfers occur between ponds, the load analysis below is performed for both 
pond series combined. The influent load sources are GS10 and the WWTP (South Walnut), and 
SW093 (North Walnut). The effluent loads are GS08 (Pond B-5 outlet) and GS11 (Pond A-4 
outlet). The following points are noted: 

• Total Pu load removal by Pond A-4 and B-5 is calculated as 82 percent (Table 2−30; 
Figure 2−104). 

• Figure 2−124 shows GS10 with the highest influent Pu load. 

• A significant increase in Pu loads to the ponds is noted during CY 2004 due to increased 
solids transport resulting from active building demolition and soil disturbance 
(Figure 2−103). With the enhanced implementation of erosion controls, revegetation, and 
soil stabilization, a significant reduction is noted for CY 2005. 

• Total Am load removal by Pond A-4 and B-5 is calculated as 89 percent (Table 2−31; 
Figure 2−107). A portion of the Am load removal from Pond A-4 is due to active treatment 
of A-4 water during CY 2005. 

• Figure 2−126 shows GS10 with the highest influent Am load. 

• A measurable increase in Am loads to the ponds is noted during both CY 2004 and 
CY 2005. These increases were partly due to increased solids transport resulting from 
active building demolition and soil disturbance (Figure 2−106). Increased Am loads at 
SW093 were primarily due to contributions from B771 D&D during the July 2004 through 
November 2004 period. The pathway causing these increased loads was eliminated in 
December 2004. 

• Annual Pu and Am loads vary significantly year-to-year (Figure 2−103 and Figure 2−106) 
depending on hydrologic and solids transport variation. 

• Figure 2−109 shows GS10 with the highest influent total uranium activity, while SW093 
shows the highest total uranium load (larger flow volumes at SW093). 

• Figure 2−109 shows GS11 with the highest effluent total uranium activity and load. 

• There is little total uranium load removal in Ponds A-4 and B-5. Some years show gains 
while others show losses (Figure 2−112). CY 2002 shows abnormally high removal, 
possibly due to the drought conditions resulting in less ground water discharging directly to 
the ponds downstream of the influent measurement points. 

 



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 2–113 

Table 2−30. Pu Load Summary for the A- and B-Series Ponds: CY 1997–2005 
 

Pu-239,240 (µg) Calendar 
Year Influent 

(WWTP) 
Influent 
(GS10) 

Influent 
(SW093) 

Effluent 
(GS08) 

Effluent 
(GS11) 

Percent 
Removal 

1997 11.2 576.0 164.2 8.8 59.2 91% 

1998 13.4 328.6 69.1 22.4 20.0 90% 
1999 19.4 307.9 127.8 261.4 23.8 37% 
2000 17.4 326.2 87.4 244.6 28.4 37% 

2001 11.3 141.4 44.4 32.3 4.7 81% 
2002 8.3 59.3 9.6 7.8 0.1 90% 
2003 3.8 207.2 140.1 111.5 7.3 66% 

2004 2.1 523.3 1,330.9 27.1 2.2 98% 

2005 0.0; WWTP 
Removed 247.1 29.2 17.9 2.2 93% 

Total 86.9 2,717.2 2,002.8 733.9 147.9 82% 
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Figure 2−103. Annual Pu Loads for the A- and B-Series Ponds: CY 1997–2005 
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Figure 2−104. Relative Pu Load Totals for the A- and B-Series Terminal Ponds: CY 1997–2005 
 
 

91% 90%

37% 37%

81%

90%

66%

98%

93%

0%

20%

40%

60%

80%

100%

1997 1998 1999 2000 2001 2002 2003 2004 2005

Calendar Year

P
er

ce
n

t 
R

em
o

va
l

Pu-239,240

A portion of this load 
was removed during 
Pond A-4 treatment

 
 

Figure 2−105. Annual Pu Load Removal for the A- and B-Series Ponds: CY 1997–2005 
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Table 2−31. Am Load Summary for the A- and B-Series Ponds: CY 1997–2005 
 

Am-241 (µg) Calendar 
Year Influent 

(WWTP) 
Influent 
(GS10) 

Influent 
(SW093) 

Effluent 
(GS08) 

Effluent 
(GS11) 

Percent 
Removal 

1997 0.64 12.20 2.24 0.25 0.70 94% 
1998 0.32 4.69 1.30 0.35 1.25 75% 
1999 0.11 12.55 1.73 1.81 0.20 86% 
2000 0.29 14.57 0.98 3.14 0.02 80% 
2001 0.32 2.75 0.65 0.46 0.11 85% 
2002 0.20 1.76 0.52 0.25 0.04 88% 
2003 0.52 4.44 2.05 0.54 0.18 90% 
2004 0.25 4.68 28.48 0.58 0.14 98% 

2005 0.00; WWTP 
Removed 3.98 0.82 0.97 0.43 71% 

Total 2.65 61.62 38.78 8.36 3.08 89% 
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Figure 2−106. Annual Am Loads for the A- and B-Series Ponds: CY 1997–2005 
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Figure 2−107. Relative Am Load Totals for the A- and B-Series Ponds: CY 1997–2005 
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Figure 2−108. Annual Am Load Removal for the A- and B-Series Ponds: CY 1997–2005 
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Figure 2−109. Relative Total Uranium Loading Schematic for the A- and B-Series Ponds: CY 1997–2005 
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Table 2−32. Total Uranium Load Summary for the A- and B-Series Ponds: CY 1997–2005 

 
Total Uranium (g) Calendar 

Year Influent 
(WWTP) 

Influent 
(GS10) 

Influent 
(SW093) 

Effluent 
(GS08) 

Effluent 
(GS11) 

Percent 
Removal 

1997 257 637 853 252 1,365 7% 

1998 467 631 797 620 1,301 −1% 
1999 121 589 714 809 633 −1% 
2000 103 379 485 465 386 12% 

2001 259 519 646 639 564 15% 
2002 61 279 450 258 132 51% 
2003 161 501 568 610 865 −20% 

2004 139 430 575 390 316 38% 

2005 0; WWTP 
Removed 879 534 1,389 165 −14% 

Total 1,569 4,845 5,622 5,432 5,727 7% 
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Figure 2−110. Annual Total Uranium Loads for the A- and B-Series Ponds: CY 1997–2005 
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Figure 2−111. Relative Total Uranium Load Totals for the A- and B-Series Ponds: CY 1997–2005 
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Figure 2−112. Annual Total Uranium Load Removal for the A- and B-Series Ponds: CY 1997–2005 
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2.4.5.2 Pond C-2 (POC GS31) 
 
This section summarizes the calculated Pu, Am, and total uranium loads for Pond C-2. The 
influent load source is SW027 (SID at Pond C-2 inlet). The effluent loads are calculated at GS31 
(Pond C-2 outlet). The following points are noted: 

• Total Pu load removal by Pond C-2 is calculated as 92 percent (Table 2−33; Figure 2−114). 

• Total Am load removal by Pond C-2 is calculated as 77 percent (Table 2−34; 
Figure 2−117). 

• CY 1997, CY 1998, and CY 2001 show that Am load from Pond C-2 exceeded inflow load. 
Similarly, for CY 2001 Pu load from Pond C-2 exceeded inflow load. This lack of removal 
is likely due to samples collected during pond dewatering to allow for video surveillance of 
the outlet works, routine valve tests, and outlet works upgrades. During these types of 
operations, the outlet works valve on the bottom (essentially in the pond bottom sediments) 
of the pond is used to drain the pond. At these low pond levels, higher total suspended solid 
(TSS) values were observed. Since Pu and Am are transported with particulate matter, the 
higher activities and loads are expected. 

• Annual Pu and Am loads vary significantly year-to-year (Figure 2−113 and Figure 2−116). 
A significant increase in both Pu and Am loads to C-2 is noted during CY 2004 due to 
increased solids transport from extensive soil disturbance in the drainage associated with 
the 903 Pad/Lip accelerated actions. With the enhanced implementation of erosion controls, 
revegetation, and soil stabilization, a significant reduction is noted for CY 2005. 

• Annual total uranium loads also vary significantly year-to-year (Figure 2−120). 
 

Table 2−33. Pu Load Summary for Terminal Pond C-2: CY 1997–2005 
 

Pu-239,240 (µg) Calendar Year 
Influent (SW027) Effluent (GS31) Percent Removal 

1997 17.4 16.7 4% 
1998 87.7 2.2 98% 
1999 34.3 26.9 21% 

2000 67.2 0.0; No C-2 Discharge No C-2 Discharge 

2001 10.7 11.0 −3% 
2002 0.3 0.2 29% 

2003 45.1 11.0 76% 
2004 820.8 11.5 99% 
2005 18.6 5.0 73% 
Total 1,102.1 84.5 92% 
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Figure 2−113. Annual Pu Loads for Pond C-2: CY 1997–2005 
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Figure 2−114. Relative Pu Load Totals for Pond C-2: CY 1997–2005 
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Figure 2−115. Annual Pu Load Removal for Pond C-2: CY 1997–2005 
 
 

Table 2−34. Am Load Summary for Terminal Pond C-2: CY 1997–2005 
 

Am-241 (µg) Calendar Year 
Influent (SW027) Effluent (GS31) Percent Removal 

1997 0.08 0.17 −104% 

1998 0.25 0.27 −8% 
1999 0.20 0.13 36% 
2000 0.24 0.00; No C-2 Discharge No C-2 Discharge 

2001 0.05 0.14 −169% 
2002 0.00 <0.01 66% 
2003 0.12 0.09 24% 

2004 3.09 0.11 96% 
2005 0.05 0.04 26% 
Total 4.10 0.96 77% 
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Figure 2−116. Annual Am Loads for Pond C-2: CY 1997–2005 
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Figure 2−117. Relative Am Load Totals for Pond C-2: CY 1997–2005 
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Figure 2−118. Annual Am Load Removal for Pond C-2: CY 1997–2005 
 
 

Table 2−35. Total Uranium Load Summary for Terminal Pond C-2: CY 1997–2005 
 

Total Uranium (g) 
Calendar Year 

Influent (SW027) Effluent 
(GS31) Percent Removal 

1997 84 231 −175% 
1998 239 216 10% 
1999 116 189 −63% 

2000 22 0.00; No C-2 Discharge No C-2 Discharge 

2001 66 67 −2% 
2002 7 1 91% 

2003 111 129 −16% 
2004 40 92 −132% 
2005 33 115 −245% 
Total 718 1,039 −45% 
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Figure 2−119. Relative Total Uranium Loading Schematic for Pond C-2: CY 1997–2005 
 

U
.S. D

epartm
ent of E

nergy 
R

ocky Flats A
nnual R

eport of Site Surveillance and M
aintenance A

ctivities 
June 2006 

D
oc. N

o. S0235400 
 

Page 2–125 
 



 
Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy 
Doc. No. S0235400 June 2006 
Page 2–126 

 

84

23
9

11
6

22

66

7

11
1

40

33

23
1

21
6

18
9

67

1

12
9

92

11
5

0

50

100

150

200

250

300

1997 1998 1999 2000 2001 2002 2003 2004 2005

Calendar Year

T
o

ta
l U

ra
n

iu
m

 L
o

ad
 in

 g

Influent to Pond C-2 [SW027]

Effluent from Pond C-2 [GS31]

No CY00 
Pond C-2 
Discharge

 
 

Figure 2−120. Annual Total Uranium Loads for Pond C-2: CY 1997–2005 
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Figure 2−121. Relative Total Uranium Load Totals for Pond C-2: CY 1997–2005 
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Figure 2−122. Annual Total Uranium Load Removal for Pond C-2: CY 1997–2005 
 
 
2.4.6 RFCA Points of Evaluation 

2.4.6.1 Major IA Drainages 
 
This section summarizes the calculated Pu, Am, and total uranium loads for the three major IA 
drainages: North Walnut Creek (SW093), South Walnut Creek (GS10 and the WWTP), and the 
SID (SW027). The following points are noted: 

• Total Pu load from the IA varies year-to-year and shows a significant increase in CY 2004 
due to extensive soil disturbance (Figure 2−123). With the enhanced implementation of 
erosion controls, revegetation, and soil stabilization, a significant reduction is noted for 
CY 2005. 

• Total Am load from the IA also varies year-to-year and shows a measurable increase in 
CY 2004 due to soil disturbance and contributions from the B771 area (Figure 2−125). Data 
from SW093 in CY 2005 (Figure 2−130) clearly show that the B771 pathway elimination 
was successful. 

• South Walnut Creek accounts for a majority (47 percent) of the Pu load from the IA 
(Figure 2−124). Of the South Walnut Creek Pu load, GS10 accounts for 97 percent while 
the WWTP accounts for the remaining 3 percent. 

• South Walnut Creek accounts for a majority (60 percent) of the Am load from the IA 
(Figure 2−126). Of the South Walnut Creek Am load, GS10 accounts for 96 percent while 
the WWTP accounts for the remaining 4 percent. 

• Annual total uranium loads are fairly consistent year-to-year (Figure 2−131). 
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• Total uranium loads are fairly evenly divided (44 percent−50 percent) between North and 
South Walnut Creeks (Figure 2−132). 

 
Table 2−36. Industrial Area Pu and Am Loads: CY 1997–2005 

 
Pu-239,240 (µg) Am-241 (µg) 

Calendar 
Year 

North 
Walnut 
Creek 

[SW093] 

South 
Walnut 
Creek 
[GS10] 

South 
Walnut 
Creek 

[WWTP] 

SID 
[SW027] 

North 
Walnut 
Creek 

[SW093] 

South 
Walnut 
Creek 
[GS10] 

South 
Walnut 
Creek 

[WWTP] 

SID 
[SW027] 

1997 164.2 576.0 11.2 17.4 2.24 12.20 0.64 0.08 
1998 69.1 328.6 13.4 87.7 1.30 4.69 0.32 0.25 

1999 127.8 307.9 19.4 34.3 1.73 12.55 0.11 0.20 
2000 87.4 326.2 17.4 67.2 0.98 14.57 0.29 0.24 
2001 44.4 141.4 11.3 10.7 0.65 2.75 0.32 0.05 

2002 9.6 59.3 8.3 0.3 0.52 1.76 0.20 0.00 
2003 140.1 207.2 3.8 45.1 2.05 4.44 0.52 0.12 
2004 1,330.9 523.3 2.1 820.8 28.48 4.68 0.25 3.09 

2005 29.2 247.1 0.0; WWTP 
Removed 18.6 0.82 3.98 0.00; WWTP 

Removed 0.05 

Total 2,002.8 2,717.2 86.9 1,102.1 38.78 61.62 2.65 4.10 
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Figure 2−123. Combined Annual Pu Loads from Major IA Drainages and WWTP: CY 1997–2005 
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Figure 2−124. Relative Pu Load Totals from Major IA Drainages and WWTP: CY 1997–2005 
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Figure 2−125. Annual Am Loads from Major IA Drainages and WWTP: CY 1997–2005 
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Figure 2−126. Relative Am Load Totals from Major IA Drainages and WWTP: CY 1997–2005 
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Figure 2−127. Annual Pu and Am Loads at GS10: CY 1997–2005 
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Figure 2−128. Annual Pu and Am Loads at the WWTP: CY 1997–2005 
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Figure 2−129. Annual Pu and Am Loads at SW027: CY 1997–2005 
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Figure 2−130. Annual Pu and Am Loads at SW093: CY 1997–2005 
 
 

Table 2−37. Industrial Area Total Uranium Loads: CY 1997–2005 
 

Total Uranium (g) 
Calendar 

Year North Walnut Creek 
[SW093] 

South Walnut 
Creek 
[GS10] 

South Walnut Creek 
[WWTP] SID [SW027] 

1997 853 637 257 84 
1998 797 631 467 239 

1999 714 589 121 116 
2000 485 379 103 22 
2001 646 519 259 66 

2002 450 279 61 7 
2003 568 501 161 111 
2004 575 430 139 40 

2005 534 879 0; WWTP Removed 33 
Total 5,622 4,845 1569 718 
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Figure 2−131. Annual Total Uranium Loads from Major IA Drainages and WWTP: CY 1997–2005 
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Figure 2−132. Relative Total Uranium Load Totals from Major IA Drainages and WWTP: CY 1997–2005 

 
 
2.5 Ad Hoc Monitoring 
 
The Site often monitors surface waters on an ad hoc basis for a variety of reasons. This 
monitoring may be requested by DOE, the Rocky Flats Project Office (RFPO), cities, and 
agencies. It is anticipated that various parties will continue to request ad hoc monitoring in the 
future. This monitoring will not always require sample analyses. In some cases, only flow or 
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continuously recorded water-quality monitoring will be needed. Examples of situations that may 
warrant ad hoc monitoring include:  

• Major precipitation events that disrupt routine pond predischarge monitoring and discharge 
schedules; 

• Community assurance monitoring at the request of downstream cities and DOE; 

• Unanticipated changes in regulatory permits, agreements, or funding; 

• Special projects; 

• Anticipated but unfunded changes in permits or agreements; and 

• Construction projects. 
 
The ad hoc monitoring details in Section 2.5.1 are based on the automated ad hoc monitoring 
performed in CY 2005. 
 
2.5.1 Data Types, Frequency, and Collection Protocols 

The type of data collected depends exclusively on the predetermined intent of the specific ad hoc 
monitoring location. The collected data can then be processed to provide decision support or 
input to a technical analysis. In most cases, flow is the primary data collected. 
 
2.5.2 CY 2005 Monitoring Scope 

Table 2−38 lists the ad hoc monitoring location that was operational during CY 2005. 
Figure 2−133 shows the location of this monitoring station.  
 

Table 2−38. Ad Hoc Monitoring Locations 
 

Location 
Code Location Primary Flow 

Measurement Device Telemetry Notes 

GS33 
No Name Gulch at 
confluence with Walnut 
Creek 

9.5-inch Parshall Flume Yes 

Flow data collection for 
determination of No Name 
Gulch contributions to 
Walnut Creek 

Note: Only locations specifically installed in support of an ad hoc project are shown. 

 
 

Table 2−39. Ad Hoc Field Data Collection: Parameters and Frequency 
 

Location Code Discharge 

GS33 15-min continuous 

Note: Only locations specifically installed in support of an ad hoc project are shown. 
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Figure 2−133. CY 2005 Ad Hoc Monitoring Locations 
 
 
2.5.3 Data Evaluation 

2.5.3.1 Site-Wide Water Balance Flow Measurement Locations 
 
Monitoring location GS33 was operated to specifically collect flow data to determine No Name 
Gulch contributions to Walnut Creek. Flow data from this location are presented in 
Section 2.2.2.12. 
 
2.6 Indicator Parameter Monitoring for Assessment of Analytical Water-

Quality Data 
 
This objective provides the justification for the collection of general water-quality and quantity 
information to be used for various data assessments. Specifically, this objective outlines the 
current and expected uses of parameters such as TSS and flow rate.  
 
This monitoring objective is intended to establish relationships between analytical measurements 
of constituents such as actinides and metals with selected indicator parameters, such as TSS, 
precipitation, and flow rate. The determination of these relationships may support evaluation of 
erosion control measures, design of land configuration options, pond operations, evaluation of 
actinide transport, assessment of statistically significant changes in water quality, and 
management decision making. Table 2−42 provides a listing of data uses for this monitoring 
objective. 
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For this report, data evaluation is limited to monitoring locations in the network existing at the 
end of CY 2005 and measuring surface-water flow from the former IA. 
 
2.6.1 Data Types, Frequency, and Collection Protocols 

To evaluate the relationship between TSS and analytical constituents,19 TSS would ideally be 
analyzed for all samples collected at the locations covered by the other decision rules in this 
report. However, sampling protocols (continuous flow paced) often result in composite samples 
that are collected over periods exceeding the 7-day hold time for TSS analyses. Therefore, TSS 
cannot be analyzed for all composite samples but are analyzed whenever hold time requirements 
are met. 
 
To evaluate the relationship between precipitation and analytical constituents, precipitation is 
currently monitored at multiple locations across the Site. The distribution of precipitation gages 
allows for the calculation of precipitation for any drainage area tributary to each monitoring 
location. Each of these locations is equipped with a continuously recording precipitation gauge. 
Because these gauges are not heated, precipitation in the form of snow may be underreported. 
 
To evaluate the relationship between flow rate and analytical constituents, flow is currently 
measured at all automated monitoring locations across the Site. Each of these locations is 
equipped with continuously-recording flow-measurement instrumentation. 
 
This decision rule does not limit the data uses to those given in Table 2−42. Relationships can be 
determined for any data combinations as required. For example, relationships between flow and 
precipitation, precipitation and TSS, etc., may be useful depending on the specific data 
evaluation. 
 
2.6.2 CY 2005 Monitoring Scope 

The following tables detail the Indicator Parameter monitoring scope for CY 2005. Figure 2−134 
shows the Indicator Parameter monitoring locations. 
 

Table 2−40. Field Data Collection: Parameters and Frequency 
 

Parameter Frequency Monitoring Location(s) 
Flow rate 5-min continuous All locations where feasible 

Precipitation 5-min continuous 13 locations site-wide 

Flow volume Derived from flow rate for any selected 
time period All locations where feasible 

 
 

Table 2−41. Analytical Data Collection: Analytes and Frequency 
 

Analyte Frequency Monitoring Location(s) 

Actinides Determined by applicable monitoring 
objective All locations as applicable 

TSS 
Determined by applicable monitoring 
objective; all samples that meet TSS hold 
time limits 

All locations as applicable 

                                                 
19 The term ‘analytical constituents’ is used here to refer to constituents measured for samples collected as defined 
by the other decision rules in this report. 
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Note: Data evaluation in this report is limited to locations monitoring the former IA (labeled in red). 
 

Figure 2−134. CY 2005 Indicator Parameter Monitoring Locations 
 
 
Table 2−42 lists the data evaluations included in this section. Evaluation is limited to locations 
GS10, GS13, GS51, SW018, SW027, and SW093. 
 
Table 2−42. Data Evaluation for Indicator Parameter Monitoring for Analytical Water-Quality Assessment 
 

Data Use Required 
Parameters Description 

Correlation of Actinides with 
TSS 

Actinides, TSS Use of TSS measurements to predict actinide 
concentrations 

Correlation of Actinides with 
Flow Rate 

Actinides, flow rate Use of flow rate measurements to predict actinides 
concentrations 

Correlation of TSS with 
Flow Rate 

TSS, flow rate Use of flow rate measurements to predict TSS 
concentrations 

 
 
2.6.2.1 Correlation of Actinides with TSS 
 
Since Pu and Am are transported in surface water in association with particulate matter 
(measured as TSS), a relationship between activity and TSS could be used as an indicator of Pu 
and Am transport. This section evaluates the variation of composite sample Pu and Am activity 
with the corresponding TSS concentration. Plots are presented for all locations where both Pu 
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and Am data are collected with TSS. Data in plots are further separated by pre- and post-closure 
periods. 
 
The sample Pu and Am activities are the values obtained through laboratory analysis given in 
pCi/L. Only Pu and Am values greater than the MDA (generally 0.015 pCi/L) are included.20 The 
sample TSS is the value obtained through laboratory analysis given in milligrams per liter 
(mg/L). TSS analysis is only performed for composite samples that are collected over a period of 
less than the TSS hold time (7 days). Consequently, not all samples collected at the locations 
below were analyzed for TSS. Only TSS values greater than the detection limit (generally 
5 mg/L) are included. 
 
Only locations that had greater than two data pairs are plotted. As such, plots are not presented 
for location SW018. 
 
Location GS10 
 

GS10 shows a fair trend between 
increasing Pu and increasing TSS. 
However, no trend is evident between Am 
and TSS. This lack of correlation may be 
caused by the variability of contamination 
levels throughout the drainage and the 
possible existence of localized Am source 
areas prior to Site Closure. 
 
Note: no post-Closure TSS results 
through CY 2005. 
 
 
 
 

Figure 2−135. Variation of Pu and Am with TSS at GS10 
 
Location GS51 
 

GS51 shows a strong correlation 
between increasing Pu activity and 
increasing TSS. The correlation is 
strongly influenced by a very high TSS 
value collected during the 903 Pad/Lip 
accelerated actions. No statistically 
significant correlation is noted for Am (the 
Am result associated with the high TSS 
values was rejected by data validation). 
 
Note: no post-Closure TSS results 
through CY 2005. 
 
 
 
 

 
Figure 2−136. Variation of Pu and Am with TSS at GS51 

                                                 
20 Data are generally presented at varying precision for clarity. Accuracy should not be inferred; both analytical and 
flow measurement error have not been quantified in this section.  

y = 0.0008x + 0.0611
R2 = 0.5

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 100 200 300 400 500 600 700 800 900

Sample TSS [mg/L]

S
am

p
le

 A
ct

iv
it

y 
[p

C
i/L

]

Pu-239,240: Pre-Closure

Am-241: Pre-Closure

Pu-239,240: Post-Closure

Am-241: Post-Closure

Linear (Pu-239,240: Pre-Closure)

y = 0.0147x - 0.0022
R2 = 0.9881

0

20

40

60

80

100

120

0 1000 2000 3000 4000 5000 6000 7000 8000

Sample TSS [mg/L]

S
am

p
le

 A
ct

iv
it

y 
[p

C
i/L

]

Pu-239,240: Pre-Closure

Am-241: Pre-Closure

Pu-239,240: Post-Closure

Am-241: Post-Closure

Linear (Pu-239,240: Pre-Closure)



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 2–139 

 
Location SW027 
 

SW027 shows fair correlations between 
activity and TSS, but are highly influenced 
by single points. 
 
Note: no post-Closure TSS results through 
CY 2005. 
 
 
 
 
 
 
 
 

Figure 2−137. Variation of Pu and Am with TSS at SW027 
 
Location SW093 

 
SW093 shows no statistically significant 
correlation between activity and TSS. 
 
Note: no post-Closure TSS results through 
CY 2005 
 
 
 
 
 
 
 
 

 
Figure 2−138. Variation of Pu and Am with TSS at SW093 

 
 
2.6.2.2 Correlation of Actinides with Flow Rate 
 
Since Pu and Am are transported in surface water in association with particulate matter, and 
assuming that higher flow rates tend to transport more sediment, a relationship between activity 
and flow rate could be used as an indicator of Pu and Am transport. This section evaluates the 
variation of composite sample Pu and Am activity with the corresponding average flow rate. 
Plots are presented for all locations where both Pu and Am data are collected with flow 
measurement. Data in plots are further separated by pre- and post-closure periods. 
 
The sample Pu and Am activities are the values obtained through laboratory analysis given in 
pCi/L. Only Pu and Am values greater than the MDA (generally 0.015 pCi/L) are included. 21 

                                                 
21 Data are generally presented at varying precision for clarity. Accuracy should not be inferred; both analytical and 
flow measurement error have not been quantified in this section.  
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Plots are also presented showing the variability of total uranium with flow rate. Plots are 
presented for all locations where uranium data are collected with flow measurement. The sample 
total uranium activity is the sum of the isotopic values obtained through laboratory analysis 
given in pCi/L (U-233,234 + U-235 + U-238). The average composite-sample period flow rate 
(cfs) is calculated as follows: 

1. The date and time of each grab sample comprising the composite is obtained from the 
monitoring instrumentation. 

2. The corresponding flow value for each grab sample is interpolated from the 15-minute 
interval flow data. Some samples may not have flow values due to equipment failures and 
periodic winter icing conditions. 

3. Since each grab sample is of the same volume (200 ml), the interpolated flow values are 
arithmetically averaged to obtain the applicable flow for the entire composite sampling 
period. 

 
It should be noted that many locations, especially those in the former IA, were temporarily 
influenced by closure activities that resulted in large areas of disturbed soils susceptible to 
transport as TSS. Any Pu and Am that may be associated with these soils would then also be 
subject to increased transport for the given flow rate. Only locations that had greater than two 
data pairs are plotted. As such, plots are not presented for location GS13. 
 
Location GS10 
 

GS10 shows no statistically significant 
correlation between Pu and Am activity 
with flow rate. 
 
Note: no post-Closure Am results greater 
than the MDA through CY 2005. 
 
 
 
 
 
 
 
 
 

Figure 2−139. Variation of Pu and Am with Flow Rate at GS10 
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GS10 shows a visual trend between 
decreasing uranium activity and 
increasing flow rate. Baseflow (low flow 
rates) at GS10 is sustained by ground 
water seepage to the creek. Naturally 
occurring uranium is associated with 
these flows. Therefore, the decrease in 
uranium activity at higher flow rates is 
likely caused by dilution from stormwater 
runoff. The highest activities are 
associated with the lowest flows. 
 
The post-Closure results clearly show this 
trend, as runoff rates have been 
significantly reduced. 
 

 
Figure 2−140. Variation of Total Uranium with Flow Rate at GS10 

 
Location GS51 

 
GS51 shows no statistically significant 
correlation between Pu and Am activity 
with flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 

 
Figure 2−141. Variation of Pu and Am with Flow Rate at GS51 

 
 
GS51 shows no statistically significant 
correlation between total uranium activity 
and flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 

 
Figure 2−142. Variation of Total Uranium with Flow Rate at GS51 
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Location SW018 
 

SW018 shows no statistically significant 
correlation between Pu and Am activity 
with flow rate. 
 
Note: no post-Closure results greater than 
the MDA through CY 2005. 
 
 
 
 
 
 
 
 

Figure 2−143. Variation of Pu and Am with Flow Rate at SW018 
 
 
Location SW027 
 

SW027 shows no statistically significant 
correlation between Pu and Am activity 
with flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 
 

Figure 2−144. Variation of Pu and Am with Flow Rate at SW027 
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SW027 shows no statistically significant 
correlation between uranium activity and 
flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 

 
Figure 2−145. Variation of Total Uranium with Flow Rate at SW027 

 
 
Location SW093 
 

SW093 shows no statistically significant 
correlation between Pu and Am activity 
with flow rate. 
 
Note: no post-Closure results greater 
than the MDA through CY 2005 
 
 
 
 
 
 
 
 

Figure 2−146. Variation of Pu and Am with Flow Rate at SW093 
 

 
SW093 shows a visual trend between 
decreasing uranium activity and 
increasing flow rate. Baseflow (low flow 
rates) at SW093 is sustained by ground 
water seepage to the creek. Naturally 
occurring uranium is associated with 
these flows. Therefore, the decrease in 
uranium activity at higher flow rates is 
likely caused by dilution from stormwater 
runoff. 
 
The post-Closure results clearly show this 
trend, as runoff rates have been 
significantly reduced. 
 
 

Figure 2−147. Variation of Total Uranium with Flow Rate at SW093 
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2.6.2.3 Correlation of TSS with Flow Rate 
 
Since many contaminants are transported in surface water in association with particulate matter 
(measured as TSS), if a relationship between TSS and flow rate could be established, then flow 
could be used as an indicator of contaminant transport. This section evaluates the variation of 
composite sample TSS with the corresponding average flow rate. Plots are presented for all 
locations where both flow and TSS data are collected. 
 
The sample TSS is the value obtained through laboratory analysis given in mg/L. TSS analysis is 
only performed for composite samples that are collected over a period of less than the TSS hold 
time (7 days). Consequently, not all samples collected at the locations evaluated were analyzed 
for TSS. Only TSS values greater than the detection limit (generally 5 mg/L) are included. 22 
 
The average composite sample period flow rate (cfs) is calculated as follows: 

1. The date and time of each grab sample comprising the composite is obtained from the 
monitoring instrumentation. 

2. The corresponding flow value for each grab sample is interpolated from the 15-minute 
interval flow data. Some TSS samples may not have flow values due to equipment failures 
and poor flow data due to winter icing conditions. 

3. Since each grab sample is of the same volume (200 ml for flow-paced composites and 
generally 1L for storm-event composites), the interpolated flow values are arithmetically 
averaged to obtain the applicable flow for the entire composite sampling period. 

 
It should be noted that many locations, especially those in the IA, were significantly influenced 
by closure activities that resulted in large areas of disturbed soils susceptible to transport as TSS. 
This increased transport of soil would result in increased TSS for the given flow rate. 
Location GS13 is not presented below, as there were fewer than two TSS-flow data points at this 
location. 
 
Location GS10 

 
GS10 shows no statistically significant 
correlation between TSS and flow rate. 
GS10 had previously shown a fair 
correlation between increasing TSS and 
increasing flow rate. This loss of 
correlation is due to high TSS at relatively 
low flow rates caused by extensive water 
year (WY) 2004−2005 soil disturbances in 
the GS10 drainage. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 

 
Figure 2−148. Variation of TSS with Flow Rate at GS10 

                                                 
22 Data are generally presented at varying precision for clarity. Accuracy should not be inferred; both analytical and 
flow measurement error have not been quantified in this section.  
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Location GS51 

 
GS51 shows no statistically significant 
correlation between TSS and flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 
 

 
Figure 2−149. Variation of TSS with Flow Rate at GS51 

 
 
Location SW018 
 

SW018 shows no statistically significant 
correlation between TSS and flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 
 
 

Figure 2−150. Variation of TSS with Flow Rate at SW018 
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Location SW027 
 

SW027 shows a weak correlation 
between increasing TSS and increasing 
flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 
 

 
Figure 2−151. Variation of TSS with Flow Rate at SW027 

 
 
Location SW093 
 

SW093 shows no statistically significant 
correlation between TSS and flow rate. 
 
Note: no post-Closure results through 
CY 2005 
 
 
 
 
 
 
 
 
 

Figure 2−152. Variation of TSS with Flow Rate at SW093 
 
 
2.7 Investigative Monitoring 
 
When reportable water-quality measurements are detected by surface water monitoring at POEs 
or POCs, additional monitoring may be required to identify23 the source and evaluate for 
mitigating action pursuant to RFCA through the consultative process. This Investigative 
Monitoring objective is intended to provide upstream water-quality information should 
reportable water-quality values be detected at RFCA POEs or POCs. This group of upstream 
monitoring locations have been installed prior to any active source evaluation. Data collection is 

                                                 
23 Note that the term “identify” is used here to mean “locate.” Characterization is also implied. 
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generally limited to POE and POC Analytes of Interest (AoIs) and is intended to be discontinued 
once acceptable water-quality has been demonstrated at POEs and POCs for an extended period.  
 
2.7.1 Data Types, Frequency, and Collection Protocols 

Data collection upstream of POEs and POCs is not limited to the locations below. The Site may 
also elect to collect data using other methods, subject to the characteristics of the reportable 
water-quality values and through the applicable consultative process. 
 
2.7.1.1 Data Types and Frequencies: 

• Continuous flow data at 15-minute intervals; 

• Continuous flow-paced composite samples at location-specific frequencies;  

• Isotopic uranium (U) analytical results from GS05, GS13, and GS59; and 

• Isotopic Pu, Am, and TSS analytical results from GS51 and SW018. 
 
Data collection is currently limited to monitoring locations GS05 and GS59 on Woman Creek; 
GS13 and SW018 on North Walnut Creek; and GS51 on areas tributary to the SID. Data are 
collected continuously using automated equipment. 
 
2.7.2 CY 2005 Monitoring Scope 

Table 2−43. Investigative Monitoring Locations 
 

Location Code Location Primary Flow Measurement 
Device Telemetry 

GS05 North Woman Creek at West Site Boundary 9-inch Parshall Flume Yes 
GS13 North Walnut Creek above Pond A-1 6-inch Parshall Flume Yes 

GS51 Ditch along abandoned road south of 903 Pad 
just upstream of SID 0.75-foot H-Flume Yes 

GS59 Woman Creek 900 feet upstream of Antelope 
Springs confluence 

1.5-foot Parshall Flume Yes 

SW018 North Walnut Creek tributary in former IA 1-foot Parshall Flume Yes 

 
 

Table 2−44. Investigative Field Data Collection: Parameters and Frequency 
 

Location Code Discharge 
GS05 15-min continuous 
GS13 15-min continuous 
GS51 15-min continuous 

GS59 15-min continuous 
SW018 15-min continuous 

Note: All locations collect 5- and 15-minute flow data. 
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Figure 2−153. CY 2005 Investigative Monitoring Locations 
 
 

Table 2−45. Investigative Sample Collection Protocols 
 

Location Code Frequencya: CY 2005 Actual (Target) Typeb 
GS05 1 (1 per year) Continuous flow-paced composites 

GS13 2 (1 per year) Continuous flow-paced composites 
GS51 0 (1 per year) Continuous flow-paced composites 
GS59 1 (1 per year) Continuous flow-paced composites 

SW018 3 (2 per year) Continuous flow-paced composites 
aInvestigative monitoring began in October 2005; sample frequencies are for October−December 2005 period. 
bSample types are defined in Appendix B. 

 
 

Table 2–46. Investigative Analytical Targets (Analyses per Year) 
 

Location 
Code 

Pu and Am 
CY 2005 Actual (Target) 

Uranium 
CY 2005 Actual (Target) 

TSS 
CY 2005 Actual (Target) 

GS05 NA 1 (1) NA 
GS13 NA 2 (1) NA 

GS51 0 (1) NA 0 (0) 
GS59 NA 1 (1) NA 
SW018 3 (2) NA 0 (2) 

Notes: Investigative monitoring began in October 2005; sample targets are for October−December 2005 period.  
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2.7.3 Data Evaluation 

This Investigative Monitoring objective is intended to provide upstream water-quality 
information should reportable water-quality values be detected at RFCA POEs or POCs. Data 
evaluation at Investigative Monitoring locations is selected to aid in a specific source evaluation. 
These evaluations include, but are not limited to, loading, fate and transport, correlations and 
trending, and other statistical evaluation. The DQO decision rule is: 
 
IF Reportable water quality values are observed at a POE or POC (see Section 2.9) for the 

applicable RFCA AoIs— 
THEN Investigative monitoring data from an appropriate upstream location may be used to 

evaluate the reportable POE or POC values, subject to the consultative process. 
 
IF No reportable water quality values are observed at a specific POE or POC for the 

applicable RFCA AoIs for a period of 1 full year— 
THEN Analysis of the collected sample(s) from the appropriate tributary upstream location(s) 

will be suspended; samples will continue to be collected and held for a period of 
6 months for potential analysis should reportable water quality values subsequently be 
observed at a POE or POC (subject to the consultative process). 

 
IF No reportable water quality values are observed at a specific POE or POC for the 

applicable RFCA AoIs for a period of 5 consecutive years— 
THEN Sample collection from the appropriate tributary upstream location(s) will be 

terminated; the ability to resume upstream sampling at these locations, or any other 
appropriate location, will be maintained should subsequent reportable water-quality 
values be observed at a POE or POC (subject to the consultative process). 

 
No reportable water-quality values were observed at the POEs and POCs during the period of 
Investigative monitoring in CY 2005. Therefore, no data evaluation is presented in this report. 
Analytical data have been previously presented in quarterly reports. 
 
2.8 Performance Monitoring 
 
2.8.1 Present Landfill 

This monitoring objective is intended to determine the short- and long-term effectiveness of the 
Present Landfill remedy as related to surface water. These requirements are identified in the 
Final Interim Measures/Interim Remedial Action for IHSS 114 and RCRA Closure of the RFETS 
Present Landfill (IM/IRA), “Appendix B: Post-Accelerated Action Monitoring and Long-Term 
Surveillance and Monitoring Considerations” (K-H 2004h), including institutional controls, 
inspection and maintenance, and environmental monitoring.  
 
As part of Present Landfill closure, a passive seep interception and treatment system has been 
installed to treat landfill seep water and ground water intercept system (GWIS) water. There are 
three sources of influent to the treatment system: two GWIS pipes, and the Present Landfill seep. 
Effluent for the treatment system (point discharge) eventually flows to the East Landfill Pond. 
This section presents the monitoring data for treatment system influent and effluent as well as the 
East Landfill Pond if the treatment system effluent exceeds surface water standards. Details 
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regarding surface water monitoring for the Present Landfill can be found in the Landfill 
Monitoring and Maintenance Plan and Post Closure Plan, RFETS Present Landfill (K-H 2005o, 
Draft). 
 
As detailed in the IM/IRA, seep monitoring requirements will consist of quarterly monitoring 
until the first Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) review. A validated exceedance of a treatment system effluent standards will trigger 
monthly monitoring for 3 consecutive months. Continued exceedances during the 3-month 
period will trigger consultation between the RFCA parties to determine whether a change in the 
remedy is required, additional parameters need to be analyzed, or a different sampling frequency 
is required. Continued exceedances will also trigger sampling of the East Landfill Pond for those 
constituent standards that were exceeded in the treatment system effluent. If RFCA surface water 
standards (CDPHE, DOE, and EPA, 2003) are exceeded in the pond, RFCA parties will be 
consulted to determine if further sampling is required, if the water in the pond can overflow the 
East Landfill Pond dam spillway, or if another water management strategy should be applied 
(IM/IRA). 
 
The GWIS influent (if any) into the seep treatment system will also be sampled. The water will 
be sampled quarterly for one year, and the analytical results will be evaluated by the RFCA 
parties. 
 
Present Landfill sampling locations, data collection protocols, and analyte suites are given in 
Table 2−47. 
 

Table 2−47. Sampling Locations for Present Landfill 
 

Location Code Location 
Description 

Routine Data 
Collection Analytes 

GWISINFNORTH Northern GWIS influent 
to the treatment system Quarterly grab samples 

VOCs, isotopic uranium, total 
and dissolved metals, 
nitrate/nitrite, total mercury 

GWISINFSOUTH Southern GWIS influent 
to the treatment system Quarterly grab samples 

VOCs, isotopic uranium, total 
and dissolved metals, 
nitrate/nitrite, total mercury 

PLFSEEPINF Landfill seep influent to 
the treatment system 

Quarterly grab samples; 
instantaneous flow rate at 
sample event 

VOCs, isotopic uranium, total 
and dissolved metals, total 
mercury 

PLFSYSEFF Effluent from the 
treatment system Quarterly grab samples 

VOCs, isotopic uranium, total 
and dissolved metals, SVOCs, 
total mercury 

PLFPONDEFF East Landfill pond at the 
downstream (east) end 

As needed; triggered by 
decision rule 

As needed; determined by 
decision rule 

Note: Flow at the seep influent is measured using a ‘bucket-and-stopwatch’ method 
 
 
Analytical methodologies and RLs, data reporting procedures, laboratory quality 
assurance/quality control (QA/QC) procedures, and laboratory data validation and contractor 
validation procedures are conducted in accordance with EPA-approved methods. Samples are 
submitted to an EPA-approved analytical laboratory for some or all of the following analysis 
methods: 

• SW-846 Method 8260B⎯Volatile Organic Compounds (VOCs) 
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• SW-846 Method 6010B⎯Metals (Total and Dissolved) 

• SW-846 Method 7470A⎯Mercury (Total) 

• SW-846 Method 8270C⎯Semi-Volatile Organic Compounds (SVOCs) 

• Alpha Spectrometry⎯Isotopic Uranium 

• EPA-600 / 4-79-020 Method 353.2⎯Nitrate/Nitrite 
 
This objective is intended to evaluate water quality for the inflows to the passive seep treatment 
system at the Present Landfill. Monitoring of the treatment system effluent is intended to 
demonstrate compliance with surface water standards.  
 
Generally, analytical data evaluation is performed quarterly as data become available. Analytical 
data from the GWIS (GWISINFNORTH and GWISINFSOUTH) and seep (PLFSEEPINF) 
influent sources are routinely reported to the RFCA parties. GWIS sampling results will be 
reviewed by the RFCA parties after 1 year to determine if further sampling is required. The DQO 
decision rule for the treatment system effluent (PLFSYSEFF) is as follows: 
 
IF Quarterly effluent results are greater than surface water standards listed in the RFCA, 

Attachment 5, Table 1⎯ 
THEN Sampling frequency will be increased to monthly for 3 consecutive months (increased 

sampling, in addition to the routine quarterly sampling, will be limited to the 
constituents that triggered the increased sampling frequency) 

 
IF Monthly effluent results continue to be greater than surface water standards listed in the 

RFCA, Attachment 5, Table 1⎯ 
THEN Notify the RFCA parties and sample the East Landfill Pond for the constituents that 

were greater than the surface water standards during monthly sampling⎯ 
ELSE Discontinue monthly sampling and resume quarterly sampling for the constituents that 

were less than the surface water standards 
 
IF East Landfill Pond sampling results are greater than surface water standards listed in 

the RFCA, Attachment 5, Table 1⎯ 
THEN Consult the RFCA parties to determine if further sampling is required, or if another 

water management strategy should be applied (IM/IRA)⎯ 
ELSE Resume quarterly sampling for the constituents that were sampled in the East Landfill 

Pond 
 
2.8.1.1 Data Evaluation 
 
Implementation of this objective began in the 4th quarter of CY 2005. Table 2−48 summarizes 
the Present Landfill sample collection for CY 2005. During the December 28, 2005, sample at 
the PLFSEEPINF, the flow rate was 0.30 gallons per minute. As of December 31, 2005, the East 
Landfill Pond was holding 1.92 million gallons (22 percent of capacity). 
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Table 2−48. CY 2005 Grab Sampling at the Present Landfill 
 

Location Code Collection Date/Time Analytes 

GWISINFNORTH 12/28/05 10:00 VOCs, isotopic uranium, total and dissolved metals, 
nitrate/nitrite, total mercury 

GWISINFSOUTH DRY NA 

PLFSEEPINF 12/28/05 9:30 VOCs, isotopic uranium, total and dissolved metals, 
total mercury 

PLFSYSEFF 12/28/05 9:15 VOCs, isotopic uranium, total and dissolved metals, 
SVOCs, total mercury 

 
 
Analytical results for the treatment system effluent (PLFSYSEFF) are compared to the 
appropriate surface water standards listed in RFCA Attachment 5, Table 1. Table 2−49 
summarizes the CY 2005 results that were greater than the applicable surface water standard. All 
other analytical results were less than the applicable surface water standard. 
 

Table 2−49. Present Landfill Treatment System Effluent (PLFSYSEFF): Summary of Analytical Results 
Exceeding RFCA Surface Water Standards 

 
Analyte Sample Date Result Units RFCA Standard 

Boron, total 12/28/05 2,100 µg/L 750 

Manganese, total 12/28/05 6,100 µg/L 1858 

 
 
For the analytes listed in Table 2−49, monthly sampling was initiated at the PLFSYSEFF per the 
decision rule. The routine quarterly 1st Quarter CY 2006 Present Landfill sampling occurred in 
February 2006; the first monthly sampling for the Table 2−49 analytes began in March 2006. 
These data are routinely reported in quarterly reports. 
 
2.8.2 Original Landfill 

This monitoring objective is intended to determine the short- and long-term effectiveness of the 
Original Landfill remedy as related to surface water. These requirements are identified in the 
Final Interim Measure/Interim Remedial Action for the Original Landfill, “Appendix B: Post-
Accelerated Action Monitoring and Long-Term Surveillance and Monitoring Considerations” 
(K-H 2005c), including institutional controls, inspection and maintenance, and environmental 
monitoring. 
 
Details regarding surface water monitoring for the Original Landfill can be found in the Landfill 
Monitoring and Maintenance Plan and Post Closure Plan, RFETS Original Landfill (K-H 2005n 
Draft). As part of Original Landfill closure, surface water will be monitored at both upgradient 
and downgradient locations in Woman Creek (locations GS05 and GS59, respectively). 
Applicable surface water standards are listed in the RFCA, Attachment 5, Table 1. 
 
As detailed in the IM/IRA, monitoring requirements will consist of quarterly monitoring until the 
first CERCLA review. A validated exceedance of an effluent limit will trigger monthly 
monitoring for 3 consecutive months. Continued exceedances during the 3-month period will 
trigger consultation between the RFCA parties to determine whether a change in the remedy is 



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 2–153 

required, additional parameters need to be analyzed, or a different sampling frequency is 
required.  
 
Original Landfill sampling locations, data collection protocols, and analyte suites are given in 
Table 2−50. 
 

Table 2−50. Sampling Locations for Original Landfill 
 

Location Code Location Description Routine Data 
Collection Analytes 

GS05 (POM6); 
upgradient 

Woman Creek at west 
fenceline Quarterly grab samples 

VOCs, isotopic uranium, total 
and dissolved metals, total 
mercury 

GS59 (POM5); 
downgradient 

Woman Creek 800 feet 
downstream of Original 
Landfill 

Quarterly grab samples 
VOCs, isotopic uranium, total 
and dissolved metals, total 
mercury 

Notes: Flow is measured at 15-minute intervals as part of the Investigative monitoring objective; isotopic uranium, 
dissolved metals, and total metals are currently collected as continuous flow-paced composites using automated 
samplers, also as part of Investigative monitoring 
 
 
Analytical methodologies and RLs, data reporting procedures, laboratory QA/QC procedures, 
and laboratory data validation and contractor validation procedures are conducted in accordance 
with EPA-approved methods. Samples are submitted to an EPA-approved analytical laboratory 
for the following analysis methods: 

• SW-846 Method 8260B⎯Volatile Organic Compounds (VOCs) 

• SW-846 Method 6010B⎯Metals (Total and Dissolved) 

• SW-846 Method 7470A⎯Mercury (Total) 

• Alpha Spectrometry⎯Isotopic Uranium 
 
This objective is intended to evaluate water quality in Woman Creek by monitoring both 
upstream and downstream of the Original Landfill. Monitoring is intended to demonstrate 
compliance with surface water standards. 
 
Generally, analytical data evaluation is performed quarterly as data become available. The 
surface water DQO decision rule for the Original Landfill is as follows: 
 
IF  Quarterly mean concentrations at downstream location GS59 are greater than surface 

water standards listed in the RFCA, Attachment 5, Table 1⎯ 
AND  Quarterly mean concentrations at downstream location GS59 are greater than quarterly 

mean concentrations at upstream location GS05⎯ 
THEN  Sampling frequency will be increased to monthly for 3 consecutive months 
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IF  Quarterly mean concentrations for monthly sampling at downstream location GS59 are 
greater than surface water standards listed in the RFCA, Attachment 5, Table 1⎯ 

AND  Quarterly mean concentrations for monthly sampling at downstream location GS59 are 
greater than quarterly mean concentrations for monthly sampling at upstream location 
GS05⎯ 

THEN  Consult the RFCA parties to determine whether a change in the remedy is required, 
additional parameters need to be analyzed, or a different sampling frequency is 
required⎯ 

ELSE  Resume quarterly sampling 
 
2.8.2.1 Data Evaluation 
 
Implementation of this objective began in the 4th quarter of CY 2005. Table 2−51 summarizes 
the Original Landfill sample collection for CY 2005. 
 

Table 2−51. CY 2005 Sampling for the Original Landfill 
 

Location Code Collection Date/Time(s) Analytes 
10/3/05 15:25−1/5/06 13:08 isotopic uranium, total and dissolved metals 

GS05 
12/28/05 8:30 VOCs, total mercury 

10/10/05 17:06−1/3/06 11:14 isotopic uranium, total and dissolved metals 
GS59 

12/28/05 8:45 VOCs, total mercury 

Note: grab samples show a unique date/time; continuous flow-paced composites show the start and end date/times 
 
 
Analytical results for GS59 and GS05 are compared to the appropriate surface water standards 
listed in RFCA Attachment 5, Table 1. During CY 2005, all available analytical results were 
below detection limits or less than the applicable RFCA standard. 
 
2.9 Point of Evaluation Monitoring 
 
This monitoring objective deals with POE monitoring for adherence with the RFCA ALF. 
Responses to reportable values relative to Action Levels at POEs are different than the responses 
associated with contaminated runoff before it reaches Segment 5 or after it enters Segment 4. 
Monitoring upgradient of Segment 5 is designed to detect new contaminant sources within the 
former IA. Downstream, Segment 4 is monitored at POCs to protect designated uses, the 
ecology, and public health. 
 
Past data collected during active closure resulted in reportable values for Pu, Am, and total 
uranium under the RFCA action level criteria at the designated POEs. Such reportable values 
have required source evaluation and the development of a mitigation plan, when appropriate. 
These reportable values have caused the Site to perform special monitoring tailored to the 
specific source evaluation and take action upstream of Segment 5 to protect Segment 5 from 
contaminant sources that caused the reportable values.  
 
2.9.1 Data Types, Frequency, and Collection Protocols 

The analytical decision inputs are those analytes specified as the Segment 5 AoIs per 
Table 2−52, as sampled at the POEs for Stream Segment 5. RFCA provides specific criteria for 
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regulated contaminants for the main stream channels of Segment 5. In developing the IMP, the 
DQOs identified a subset of contaminants that are of sufficient interest to warrant monitoring 
under ALF. 
 
Segment 5 includes North and South Walnut Creek between the IA and the Terminal Ponds, and 
the SID between the IA and Pond C-2. Monitoring is performed for Stream Segment 5 only as 
represented by POEs SW093, SW027, and GS10 (see Figure 2−154). 
 
Sampling for AoIs at POEs is performed by collecting continuous flow-paced composite 
samples. The recommended monitoring design specified in the IMP is to take samples for 
CY 2005 as specified in Table 2−56 and Table 2−57. The intent is to take no less than one 
sample per quarter and no more than four composite samples per month from each of the three 
monitoring locations. 
 
Table 2−57 presents the approximate location-specific number of samples per month based on 
recommendations by statisticians at Pacific Northwest National Laboratory that worked with the 
DQO working group. There are both practical and statistical advantages to this sample allocation 
design. Averaging a larger number of samples is more expensive, but it protects the Site from 
regulatory action in response to a spurious, non-representative monitoring result. With the final 
closure of the Site in October 2005, targeted sample collection has been somewhat reduced to 
account for smaller expected flow volumes. 
 
There are secondary advantages to this monitoring plan. A larger number of samples allows for 
estimates of variability that can be used to refine the monitoring plan over time. The monitoring 
program specified in the IMP is a technically defensible approach that represents a compromise 
between a statistical design, a design based on professional judgment, and a design based on 
budgetary constraints. This design will generate data that are representative of contaminant 
levels and loads. 
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Table 2−52. RFCA POE AoIs 
 

Total Pu-239,240 

Known carcinogen. Known past measurements (within the past 
8 years) have exceeded RFCA Action Levels. This provides 
reasonable cause to expect future measurements in excess of 
RFCA Action Levels. 

Total U-233,234, U-235, 
U-238 

Known renal toxicity. Present on Site. Past measurements 
provide reasonable cause to expect future measurements in 
excess of RFCA Action Levels. 

Radionuclides 

Total Am-241 

Known carcinogen. Present on Site. Known past measurements 
have exceeded RFCA Action Levels. This provides reasonable 
cause to expect future measurements in excess of RFCA Action 
Levels. 

Total Be 

Known to cause berylliosis in susceptible individuals when 
exposed by inhalation. May also cause contact dermatitis. 
Present on Site. Will be monitored as an indicator of releases 
from process and waste storage areas. 

Total Cr 
Physiological and dermal toxicity. High level of regulatory concern 
due, in part to the chromic acid incident of 1989. Low levels can 
cause significant ecological damage. 

Dissolved Ag 

Highly toxic to fish at low levels if chronic. State of Colorado has 
temporarily removed its stream standard for silver, while under 
study. The study has been completed, and the standard will be 
reinstated at the next triennial review of South Platte stream 
standards, if not before. Used on Site only for photographic 
development. Routinely accepted by POTWs as municipal waste, 
but discharge is regulated. May be removed from this list later, if 
data do not support concern. 

Dissolved Cd 

Highly toxic to fish at low levels if chronic. Known human 
carcinogen (prostate cancer) and depletes physiologic calcium. 
Used on Site in plating processes. Monitoring data for the 
Interceptor Trench System (ITS) and the proposed discharge of 
untreated ITS waters into Walnut Creek provide reasonable 
cause to expect future releases in excess of RFCA Action Levels. 

Metals 

Hardness Required to evaluate metals analyses, due to its effect on 
solubility of these metals. 

Real Time 
Monitoring Flow 

Required to detect flow events, pace automated samplers, 
evaluate contaminant loads, and plan pond operations and 
discharges. Affects nearly every decision rule, and is the most 
commonly discussed attribute of Site surface waters. 

Notes: POTW = Publicly owned treatment works 

 
 
2.9.2 CY 2005 Monitoring Scope 

 
Table 2−53. POE Monitoring Locations 

 
Location 

Code Location Primary Flow 
Measurement Device Telemetry 

GS10 South Walnut Creek upstream from the B-1 
Bypass 

9-inch Parshall Flume Yes 

SW027 SID just upstream of Pond C-2 Dual Parallel 120° V-Notch 
Weirs 

Yes 

SW093 North Walnut Creek 1,300 feet upstream from 
the A-1 Bypass 

36-inch Suppressed 
Rectangular Sharp-Crested 
Weir; 3-foot H-Flume installed 
May 29, 2003 

Yes 
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Figure 2−154. CY 2005 Point of Evaluation Monitoring Locations 
 
 

Table 2−54. POE Field Data Collection: Parameters and Frequency 
 

Location Code Discharge 
GS10 15-min continuous 
SW027 15-min continuous 
SW093 15-min continuous 

Note: All locations collect 5- and 15-minute flow data. 

 
 

Table 2−55. POE Sample Collection Protocols 
 

Location 
Code 

Frequencya: CY 2005 Actual 
(Target) Typeb 

GS10 23 (31 per year) Continuous flow-paced composites 

SW027 6 (17 per year) Continuous flow-paced composites 
SW093 22 (32 per year) Continuous flow-paced composites 

aSample frequency distribution during the year for SW093, GS10, and SW027 (POEs) is given in Table 2−57. 
bSample types are defined in Appendix B. 
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Table 2−56. POE Analytical Targets (Analyses per Year) 
 

Location 
Code 

Dissolved Ag, Total Be, 
Dissolved Cd, Total Cr 

CY 2005 Actual (Target) 

Hardness 
CY 2005 Actual 

(Target) 

Pu, U, and Am 
CY 2005 Actual 

(Target) 
GS10 23 (31) 23 (31) 23 (31) 

SW027 6 (17) 6 (17) 6 (17) 
SW093 22 (32) 22 (32) 22 (32) 

 
 

Table 2−57. POE Target Sample Distribution 
 

Month SW093: CY 2005 
Actual (Target) 

GS10: CY 2005 
Actual (Target) 

SW027: CY 2005 
Actual (Target) 

Totals: CY 2005 
Actual (Target) 

Jan 2005 2 (2) 1 (2) 0 (0) 3 (4) 
Feb 2005 2 (2) 2 (2) 0 (0) 4 (4) 

Mar 2005 2 (4) 1 (4) 0 (3) 3 (11) 
Apr 2005 5 (4) 4 (4) 4 (4) 13 (12) 
May 2005 2 (4) 2 (4) 2 (4) 6 (12) 

Jun 2005 4 (4) 4 (3) 0 (2) 8 (9) 
Jul 2005 0 (3) 2 (3) 0 (1) 2 (7) 
Aug 2005 1 (3) 2 (3) 0 (1) 3 (7) 

Sep 2005 2 (3) 2 (3) 0 (1) 4 (7) 
Oct 2005 2 (1) 2 (1) 0 (0) 4 (2) 
Nov 2005 0 (1) 0 (1) 0 (0) 0 (2) 

Dec 2005 0 (1) 1 (1) 0 (1) 1 (3) 
Totals 22 (32) 23 (31) 6 (17) 51 (80) 

 
 
2.9.3 Data Evaluation 

Sampling for AoIs at POEs is performed by collecting continuous flow-paced composite 
samples. The AoIs are evaluated using 12-month rolling averages24 or the 85th percentile of 
30-day moving averages25 for the preceding calendar year, as specified in the IMP. Total Pu, Am, 
and U are evaluated using volume-weighted 12-month rolling averages. Total Be and Cr, and 
dissolved Ag and Cd are evaluated using the 85th percentile of 30-day moving averages for the 
preceding calendar year. 
 

                                                 
24 The 12-month rolling average for the last day of a particular month is calculated as a volume-weighted average of 
a “window” of time containing the previous 12 months. Each 12-month “window” includes daily discharge volumes 
(measured at the location with a flow meter) and daily activities (from the sample carboy in place at the end of that 
day). Therefore, there are twelve 12-month rolling averages for a given calendar year. Days with no flow or no 
analytical result, either due to failed laboratory analysis, Non-Sufficient Quantity (NSQ) for analysis, or excessive 
duplicate error ratio (DER), are not included. When no discharge has occurred in the last 12 months, no 12-month 
rolling average is reported. 
25 The 30-day average for a particular day is calculated as a volume-weighted average of a ‘window’ of time 
containing the previous 30-days which had flow. Each day has its own discharge volume (measured at the location 
with a flow meter) and activity (analytical result from the sample in place at the end of that day). Therefore, there 
are 365 30-day moving average values for a location that flows all year (366 values in a leap year). At locations 
which monitor pond discharges or have intermittent flows, 30-day averages are reported as averages of the previous 
30 days of greater than zero flow. For days where no activity or flow is available, no 30-day average is reported. 
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Generally, analytical data evaluation is performed as preliminary data become available. If an 
initial qualitative screening indicates that an analytical result is higher than the action level for a 
particular AoI, then the compliance values are calculated immediately upon receipt of the 
preliminary result. The desired evaluation frequency is semi-monthly, within 1 week of the 15th 
and last day of any given month. The DQO decision rule is: 
 
IF  The volume-weighted 12-month rolling average for any radionuclide AoI, as 

represented by samples from the specified RFCA POEs (GS10, SW027, and SW093), 
exceeds the appropriate RFCA action level (Table 2−59)⎯ 

THEN  The Site must notify EPA and CDPHE, evaluate for source location, and implement 
mitigating action26 if appropriate.27  

 
IF  The 85th percentile of the volume-weighted 30-day moving averages of a given 

calendar year for any metals AoI, as represented by samples from the specified RFCA 
POEs (GS10, SW027, and SW093) exceeds the appropriate RFCA action level⎯ 

THEN  The Site must notify EPA and CDPHE, evaluate for source location, and implement 
mitigating action26 if appropriate.27 

 
Table 2−58. POE Monitoring Analytical Data Evaluation 

 
Location 

Code Evaluation Typea 

GS10 

Radionuclides: 30-Day Volume-Weighted Moving Averages (through October 13, 2005); 
12-Month Rolling Averages (starting October 31, 2005); Loading Analysis 
Metals: 30-Day Volume-Weighted Moving Averages (through October 13, 2005); 85th Percentile 
of 30-Day Averages for Calendar Year (starting October 31, 2005) 

SW027 

Radionuclides: 30-Day Volume-Weighted Moving Averages (through October 13, 2005); 
12-Month Rolling Averages (starting October 31, 2005); Loading Analysis 
Metals: 30-Day Volume-Weighted Moving Averages (through October 13, 2005); 85th Percentile 
of 30-Day Averages for Calendar Year (starting October 31, 2005) 

SW093 

Radionuclides: 30-Day Volume-Weighted Moving Averages (through October 13, 2005); 
12-Month Rolling Averages (starting October 31, 2005); Loading Analysis 
Metals: 30-Day Volume-Weighted Moving Averages (through October 13, 2005); 85th Percentile 
of 30-Day Averages for Calendar Year (starting October 31, 2005) 

aDetails on the evaluation of analytical results are given in Appendix B.1, “Data Evaluation Methods.” Loading analysis for POEs is 
given in Section 2.4. 

 
 

                                                 
26 Mitigating action may include, but not be limited to, the following examples: (1) immediate action to halt a 
discharge or contain a spill; or (2) use of upstream monitoring data to seek out and mitigate upstream contaminant 
sources. 
27 RFCA may actually specify consequences for an exceedance of any action level (not just those for AoIs) at any 
location within the segment (not just at the consensus monitoring points). This decision rule presents the consensus 
decision rule that drives our monitoring activities. It is an implementation, rather than a reiteration, of RFCA. 
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Table 2−59. POE Monitoring RFCA Action Levels 
 

Analyte Action Level 
Am-241 0.15 pCi/L 
Pu-239,240 0.15 pCi/L 
Total Uranium 10 pCi/L (GS10 and SW093); 11 pCi/L (SW027) 

Total Be 4 µg/L 
Dissolved Cd 1.5 µg/L 
Total Cr 50 µg/L 
Dissolved Ag 0.6 µg/L 

Note: The above action levels only apply to calculated compliance values (Table 2−58) 

 
 
The following sections include summary tables and plots showing the applicable compliance 
values and annual volume-weighted averages for the POE analytes. Prior to January 1, 2000, the 
action levels for both dissolved Cd and Ag were calculated to take into account the toxicity of 
these metals in relation to hardness. The action levels were calculated for each day using the 
corresponding 30-day volume-weighted hardness values. Therefore, the action levels vary with 
varying hardness. Starting on January 1, 2000, in consultation with the regulators and 
stakeholders, the action levels used for these metals assumes a fixed hardness of 143 mg/L, 
which is consistent with state water-quality standard methodology. 
 
The following evaluations include all results that were not rejected through the verification and 
validation process. Data are generally presented to decimal places as reported by the laboratories. 
Accuracy should not be inferred; minimum detectable concentrations/activities and analytical 
error are often greater than the precision presented. When a sample has a corresponding field 
duplicate, the value used in calculations is the arithmetic average of the ‘real’ and the ‘duplicate’ 
values. When a sample has multiple ‘real’ analyses (Site requested ‘reruns’), the value used in 
calculations is the arithmetic average of the multiple ‘real’ analyses. Total uranium is calculated 
by summing the activities for the analyzed isotopes (U-233,234 + U-235 + U-238). 
 
The methods used for the evaluations are given in Appendix B.1, “Data Evaluation Methods.” 
 
2.9.3.1 Location GS10 
 
Monitoring location GS10 is located on South Walnut Creek at the perimeter of the former IA 
just upstream of the B-Series Ponds. Figure 2−23 shows the drainage area for GS10. The central 
portion of the former IA contributes flow to GS10 through Functional Channels 4 and 5. 
 
Table 2−60 shows that a many of the annual average Pu and Am activities were greater than 
0.15 pCi/L during active Site closure, with measurable increases in CY 2004−2005. Source 
evaluation for POE GS10 identified runoff from the 903 Pad area as the primary contributor of 
Pu and Am load in CY 2004. Source evaluation in CY 2005 for POE GS10 identified solids 
transport resulting from the construction of Functional Channel #4 and closure actions in the 
700 Area as the primary contributor of Pu and Am load in CY 2005. With the completion of the 
functional channels, implementation of enhanced erosion controls, revegetation, and soil 
stabilization, transport of Pu and Am approaching the action level has been virtually eliminated. 
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Figure 2−156 shows multiple occurrences of reportable 30-day averages for Pu and Am during 
active Site closure. In response, the Site was required to perform source evaluations to address 
these reportable values as discussed above. A summary of the source evaluation investigations is 
given in previous annual reports. 
 
Prior to the Site’s declaration of physical completion on October 13, 2005, demonstration of 
compliance for Pu-239,240 and Am-241 concentrations at RFCA POEs used calculated 30-day 
average values. Subsequent to the declaration of physical completion, compliance for Pu and Am 
at POEs is demonstrated using the 12-month rolling average calculation for the last day of each 
month, per the Revision 1 of the IMP.  
 
Based on results using the 12-month rolling average method (Figure 2−155), the Site notified the 
Regulators that reportable Pu and Am values had been observed at GS10. This notification was 
triggered by the transition from the 30-day to the 12-month reporting window, and was provided 
for information only. All of the analytical results causing the reportable 12-month rolling 
averages occurred prior to June 11, 2005. Since source evaluation letters/reports have been 
previously completed for those results, no additional action is warranted at this time.  
 
Figure 2−157 shows that the 30-day averages for total uranium required reporting during 
CY 2005, with a noticeable upward trend. Source evaluation at GS10 identified hydrologic 
changes at GS10 as the cause of the increases in total uranium. As impervious areas were 
removed at the Site (reducing direct runoff during precipitation events), ground water 
contributions to the creek with naturally occurring uranium represented a larger portion of the 
streamflow monitored at GS10. Without direct runoff contributions to mix with the ground water 
uranium contributions, samples from GS10 began to reflect the naturally occurring ground water 
uranium concentrations (often significantly greater than the surface water action level). See 
Section 2.6 for additional information. 
 
In the past, Site ground water and surface water samples from select locations have been sent to 
Los Alamos National Laboratory for HR ICP/MS and/or TIMS analyses. These analyses 
measure mass ratios of four uranium isotopes (masses 234, 235, 236, and 238) and are detailed in 
K-H (2004i and 2005k). Isotopic ratios provide a signature that indicates whether the source of 
uranium is natural or anthropogenic (man-made). The results to date indicate that nearly all the 
ground water and all surface water locations at the Site display a predominately natural 
signature. 
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Table 2−60. Annual Volume-Weighted Average Radionuclide Activities at GS10 in CY 1997−2005 
 

Volume-Weighted Average Activity (pCi/L) Calendar Year 
Am-241 Pu-239,240 Total Uranium 

1997 0.266 0.260 2.78 
1998 0.109 0.158 3.06 

1999 0.274 0.139 2.49 
2000 0.421 0.195 2.23 
2001 0.075 0.080 2.91 

2002 0.087 0.061 2.88 
2003 0.117 0.113 2.68 
2004 0.136 0.314 2.48 

2005 0.185 0.238 8.27 
Total (CY 1997−2005) 0.193 0.176 3.06 
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Figure 2−155. Pu and Am Compliance Values at GS10: CY 2005 
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Figure 2−156. Volume-Weighted 30-Day Average Pu and Am Activities at GS10: CY 1997–
October 13, 2005 
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Figure 2−157. Total Uranium Compliance Values at GS10: CY 2005 
 
 



 
Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy 
Doc. No. S0235400 June 2006 
Page 2–164 

0

2

4

6

8

10

12

14

1/
1/

97

4/
1/

97

7/
1/

97

10
/1

/9
7

1/
1/

98

4/
1/

98

7/
1/

98

10
/1

/9
8

1/
1/

99

4/
1/

99

7/
1/

99

10
/1

/9
9

1/
1/

00

4/
1/

00

7/
1/

00

10
/1

/0
0

1/
1/

01

4/
1/

01

7/
1/

01

10
/1

/0
1

1/
1/

02

4/
1/

02

7/
1/

02

10
/1

/0
2

1/
1/

03

4/
1/

03

7/
1/

03

10
/1

/0
3

1/
1/

04

4/
1/

04

7/
1/

04

10
/1

/0
4

1/
1/

05

4/
1/

05

7/
1/

05

10
/1

/0
5

Date

A
ct

iv
it

y 
in

 p
C

i/L
Total Uranium 30dAvg

RFCA Action Level for Total Uranium of 10 pCi/L

Gaps in data are for periods of zero 
discharge or no analytical result.

 
 

Figure 2−158. Volume-Weighted 30-Day Average Total Uranium Activities at GS10: CY 1997–
October 13, 2005 
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Figure 2−159. Annual Volume-Weighted Average Pu and Am Activities at GS10: CY 1997−2005 
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Figure 2−160. Annual Volume-Weighted Average Total Uranium Activities at GS10: CY 1997−2005 
 
 
Table 2−61 shows that all of the annual average metals concentrations were less than the action 
level. Additionally, the long-term metals averages (CY 1997−2005) were less than the action 
levels. 
 
Figure 2−161 shows that none of the compliance values were reportable for Be, Cd, or Ag. 
Chromium shows a short-term reportable period in March−April 2005. A source evaluation was 
performed concluding that increased transport of suspended solids was the cause. 
 

Table 2−61. Annual Volume-Weighted Average Hardness and Metals Concentrations at GS10 in 
CY 1997−2005 

 
Volume-Weighted Average Concentration (µg/L) 

Calendar Year Hardness 
[mg/L] Total Be Dissolved 

Cd Total Cr Dissolved 
Ag 

1997 138 0.50 0.09 4.05 0.11 

1998 162 0.15 0.13 3.32 0.20 
1999 139 0.16 0.07 4.08 0.15 
2000 181 0.21 0.11 3.65 0.11 

2001 222 0.32 0.11 5.95 0.11 
2002 277 0.24 0.09 5.38 0.10 
2003 228 0.22 0.10 6.91 0.12 

2004 227 0.60 0.10 13.15 0.13 
2005 401 0.88 0.06 17.49 0.15 

Total (CY 1997−2005) 202 0.34 0.10 6.44 0.13 
  Note: Hardness units mg/L. 
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Figure 2−161. Metals Compliance Values and Hardness Concentrations at GS10: CY 2005 
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Note: Prior to January 1, 2000, action levels for dissolved Cd and Ag were calculated using the analyte specific toxicity equation 
incorporating the 30-day volume-weighted hardness values. 

 
Figure 2−162. Volume-Weighted 30-Day Average Metals and Hardness Concentrations at GS10: 

CY 1997–October 13, 2005 
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Figure 2−163. Annual Volume-Weighted Average Metals and Hardness Concentrations at GS10: 
CY 1997−2005 

 
 
2.9.3.2 Location SW027 
 
Monitoring location SW027 is located at the end of the SID at the inlet to Pond C-2. Figure 2−49 
shows the drainage area for SW027. The southern portion of the former IA contributes flow to 
SW027 through the SID. 
 
Table 2−62 shows that the majority of the annual average Pu and Am activities were less than 
0.15 pCi/L. The increased CY 2000 Pu activity was the result of a single sample 
(May 11−July 17, 2000, 1.03 pCi/L). The significant increase in CY 2004 was the result of 
increased solids transport from disturbed areas associated with the 903 Pad/Lip accelerated 
actions. In response, the Site aggressively enhanced the pre-existing erosion control program to 
further reduce the transport of suspended solids from disturbed areas. With the completion of the 
903 Pad/Lip actions, implementation of enhanced erosion controls, revegetation, and soil 
stabilization, transport of Pu and Am approaching the action level has been virtually eliminated. 
The total uranium average activities are well below 11 pCi/L. 
 
Figure 2−165 shows several periods of reportable 30-day averages for Pu and Am. In response, 
the Site was required to perform source evaluations to address these reportable values. A 
summary of the source evaluation investigations is given in previous annual reports. 
Figure 2−167 shows that the 30-day average for total uranium was below action levels for the 
entire period. 
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Table 2−62. Annual Volume-Weighted Average Radionuclide Activities at SW027 in CY 1997−2005 
 

Volume-Weighted Average Activity (pCi/L) Calendar Year 
Am-241 Pu-239,240 Total Uranium 

1997 0.008 0.036 1.484 
1998 0.021 0.156 3.445 

1999 0.019 0.066 1.897 
2000 0.060 0.348 1.100 
2001 0.006 0.025 1.327 

2002 0.001 0.003 0.531 
2003 0.011 0.080 1.701 
2004 0.413 2.273 1.050 

2005 0.022 0.156 2.341 
Total (CY 1997−2005) 0.059 0.330 1.82 
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Note: The composite sample started on May 18, 2005, was discarded on April 17, 2006, due to non-sufficient quantity. At that time 
2.2 L were in the carboy. 

 
Figure 2−164. Pu and Am Compliance Values at SW027: CY 2005 
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Note: The composite sample started on May 18, 2005, was discarded on April 17, 2006, due to non-sufficient quantity. At that time 
2.2 L were in the carboy. 

 
Figure 2−165. Volume-Weighted 30-Day Average Pu and Am Activities at SW027: CY 1997–

October 13, 2005 
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Note: The composite sample started on May 18, 2005, was discarded on April 17, 2006, due to non-sufficient quantity. At that time 
2.2 L were in the carboy. 

 
Figure 2−166. Total Uranium Compliance Values at SW027: CY 2005 
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Note: The composite sample started on May 18, 2005, was discarded on April 17, 2006, due to non-sufficient quantity. At that time 
2.2 L were in the carboy. 

 
Figure 2−167. Volume-Weighted 30-Day Average Total Uranium Activities at SW027: CY 1997–

October 13, 2005 
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Figure 2−168. Annual Volume-Weighted Average Pu and Am Activities at SW027: CY 1997–2005 
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Figure 2−169. Annual Volume-Weighted Average Total Uranium Activities at SW027: CY 1997–2005 
 
 
Table 2−63 shows that all of the annual average metals concentrations were less than the action 
level. Additionally, the long-term metals averages (CY 1997−2005) were less than the action 
levels. 
 
Figure 2−171 shows that none of the compliance values were reportable for Be, Cr, and Cd. 28 
For dissolved Ag, the 30-day average was above the hardness-adjusted action level during 
CY 1999−2000. However, using the agreed upon fixed hardness of 143 mg/L noted above, these 
values were not reportable. 
 

                                                 
28 Two dissolved Ag results collected in CY 2004 at SW027 did not meet the RPD criteria of <100 percent (see 
Appendix B.1, “Data Evaluation Methods”). As such, these dissolved Ag samples were not used in the calculation of 
the dissolved Ag 30-day averages for SW027. The initial results were 1.6 and 1.0 µg/L, and the duplicate results 
were both 0.2 µg/L (undetect; half the detect limit was used to calculate the RPD: 0.1 µg/L), for RPDs of 
176.5 percent and 163.6 percent, respectively. The average of these results is used in all other evaluations. 
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Table 2−63. Annual Volume-Weighted Average Hardness and Metals Concentrations at SW027 in 
CY 1997−2005 

 
Volume-Weighted Average Concentration (µg/L) 

Calendar Year Hardness 
[mg/L] Total Be Dissolved Cd Total Cr Dissolved Ag 

1997 112 0.44 0.09 1.71 0.10 

1998 152 0.14 0.15 0.91 0.21 
1999 111 0.03 0.10 1.55 0.24 
2000 150 0.27 0.05 4.14 0.09 

2001 145 0.23 0.07 1.82 0.12 
2002 114 0.12 0.05 2.88 0.11 
2003 148 0.06 0.06 1.75 0.15 

2004 133 0.32 0.06 7.36 0.19 
2005 236 0.08 0.07 2.03 0.19 

Total (CY 1997−2005) 138 0.19 0.09 2.37 0.17 
Note: Hardness units mg/L 
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Note: The composite sample started on May 18, 2005, was discarded on April 17, 2006, due to non-sufficient quantity. At that time 
2.2 L were in the carboy. 

 
Figure 2−170. Metals Compliance Values and Hardness Concentrations at SW027: CY 2005 
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Note: Prior to January 1, 2000, action levels for dissolved Cd and Ag were calculated using the analyte specific toxicity equation 
incorporating the 30-day volume-weighted hardness values. The composite sample started on May 18, 2005, was discarded on 
April 17, 2006, due to non-sufficient quantity. At that time 2.2 L were in the carboy. 

 
Figure 2−171. Volume-Weighted 30-Day Average Metals and Hardness Concentrations at SW027: 

CY 1997–October 13, 2005 
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Figure 2−172. Annual Volume-Weighted Average Metals and Hardness Concentrations at SW027: 
CY 1997–2005 

 
 
2.9.3.3 Location SW093 
 
Monitoring location SW093 is located on North Walnut Creek at the perimeter of the former IA 
1,300 feet upstream of the A-Series Ponds. Figure 2−52 shows the drainage area for SW093. The 
northern portion of the former IA contributes flow to SW093 through Functional Channels 2 
and 3. 
 
Table 2−64 shows a significant increase in Pu and Am activities during CY 2004. The Pu, and a 
portion of the Am, increase in CY 2004 was attributed to increased solids transport from 
disturbed areas, especially the B779 area. In response, the Site aggressively enhanced the 
pre-existing erosion control program to further reduce the transport of suspended solids from 
disturbed areas. The Am increase in CY 2004 was attributed to dust suppression water flows 
from the former B771 footing drain. In response, the Site disrupted the drain and eliminated the 
pathway in December 2004. The cause of the CY 2005 reportable Pu values (Figure 2−173) was 
the construction of Functional Channels #2/3 resulting in temporarily increased solids transport. 
With the completion of the functional channels, elimination of the B771 pathway, 
implementation of enhanced erosion controls, revegetation, and soil stabilization, transport of Pu 
and Am approaching the action level has been virtually eliminated. The total uranium average 
activities are below the 10 pCi/L action level. 
 
Figure 2−174 shows several periods of reportable 30-day averages for Pu and Am. In response, 
the Site was required to perform source evaluations to address these reportable values. A 
summary of the source evaluation investigations is given in previous annual reports. 
Figure 2−176 shows that the 30-day average for total uranium was below action levels for all of 
CY 2005. 
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Table 2−64. Annual Volume-Weighted Average Radionuclide Activities at SW093 in CY 1997−2005 
 

Volume-Weighted Average Activity (pCi/L) Calendar Year 
Am-241 Pu-239,240 Total Uranium 

1997 0.035 0.052 2.38 
1998 0.020 0.022 2.26 

1999 0.025 0.038 1.95 
2000 0.022 0.040 2.06 
2001 0.011 0.015 2.14 

2002 0.017 0.006 2.67 
2003 0.039 0.056 2.34 
2004 0.622 0.603 2.50 

2005 0.029 0.022 3.61 
Total (CY 1997−2005) 0.084 0.090 2.34 
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Figure 2−173. Pu and Am Compliance Values at SW093: CY 2005 
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Figure 2−174. Volume-Weighted 30-Day Average Pu and Am Activities at SW093: CY 1997–
October 13, 2005 
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Figure 2−175. Total Uranium Compliance Values at SW093: CY 2005 
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Figure 2−176. Volume-Weighted 30-Day Average Total Uranium Activities at SW093: CY 1997–
October 13, 2005 
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Figure 2−177. Annual Volume-Weighted Average Pu and Am Activities at SW093: CY 1997–2005 
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Figure 2−178. Annual Volume-Weighted Average Total Uranium Activities at SW093: CY 1997–2005 
 
 
Table 2−65 shows that all of the annual average metals concentrations were less than the action 
level. Additionally, the long-term metals averages (CY 1997−2005) were less than the action 
levels. 
 
Figure 2−180 shows that none of the 30-day averages for metals were reportable during 
CY 2005. 
 

Table 2−65. Annual Volume-Weighted Average Hardness and Metals Concentrations at SW093 in 
CY 1997−2005 

 
Volume-Weighted Average Concentration (µg/L) 

Calendar Year Hardness 
[mg/L] Total Be Dissolved 

Cd Total Cr Dissolved 
Ag 

1997 168 0.43 0.07 2.36 0.12 
1998 184 0.14 0.23 2.22 0.22 
1999 152 0.20 0.13 5.08 0.16 

2000 231 0.21 0.08 3.94 0.11 
2001 247 0.36 0.07 6.49 0.11 
2002 365 0.30 0.08 5.95 0.11 

2003 257 0.29 0.09 6.88 0.16 
2004 315 0.57 0.09 12.05 0.12 
2005 337 0.11 0.05 1.92 0.11 

Total (CY 1997−2005) 232 0.29 0.11 5.12 0.14 
  Note: Hardness units mg/L. 
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Figure 2−179. Metals Compliance Values and Hardness Concentrations at SW093: CY 2005 
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Note: Prior to January 1, 2000, action levels for dissolved Cd and Ag were calculated using the analyte specific toxicity equation 
incorporating the 30-day volume-weighted hardness values. 

 
Figure 2−180. Volume-Weighted 30-Day Average Metals and Hardness Concentrations at SW093: 

CY 1997–October 13, 2005 
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Figure 2−181. Annual Volume-Weighted Average Metals and Hardness Concentrations at SW093: 
CY 1997–2005 

 
 
2.10 Point of Compliance Monitoring 
 
RFCA provides specific standards for Walnut and Woman Creeks below the Terminal Ponds. 
These criteria and the responses to them are different than the criteria and actions associated with 
POEs. This section deals only with monitoring discharges from the Terminal Ponds and the 
additional POCs at Indiana Street. Terminal Pond discharges are monitored by POCs GS08, 
GS11, and GS31. Walnut Creek is monitored at Indiana Street by POC GS03. Woman Creek is 
monitored at Indiana Street by POC GS01. These locations are shown on Figure 2−182. 
 
With the completion of the Woman Creek Reservoir, located just east of Indiana Street and 
operated by the city of Westminster, all Woman Creek flows are detained in cells of the reservoir 
until the water quality has been assured by monitoring Woman Creek at Indiana Street. There is 
concern that solely monitoring Pond C-2 discharge does not adequately demonstrate that all 
water leaving the Site via Woman Creek meets the radiologic standards. All Woman Creek 
water, either combined with Pond C-2 discharge or flowing in the absence of any Pond C-2 
water, enters the Woman Creek Reservoir. This is the basis for setting an additional RFCA POC 
for Woman Creek at Indiana Street (GS01) for those radiologic contaminants that could be 
directly attributable to the Site (i.e., not naturally occurring). 
 
For Walnut Creek, a similar POC, GS03, has been established at Walnut Creek and Indiana 
Street. As with Woman Creek, it is possible that contaminated overland runoff or landfill 
drainage may enter Walnut Creek below the Terminal Pond monitoring points (GS08 and GS11), 
yet upstream of Indiana Street. 
 
2.10.1 Data Types, Frequency, and Collection Protocols 

The analytical decision inputs are those analytes specified as the POC AoIs (Table 2−66), as 
sampled at the POCs. POC monitoring is limited to locations GS01, GS03, GS08, GS11, and 
GS31. 
 
Sampling for AoIs at POCs is performed by collecting continuous flow-paced composite 
samples. The recommended monitoring design detailed in the IMP is to take samples for 
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CY 2005 as specified in Table 2−69 and Table 2−70. Flow-paced monitoring is maintained at all 
times for all five POCs, although no samples are anticipated from Terminal Pond stations except 
during planned pond discharges. 
 
Historically, Terminal Pond discharges occurred on average once per year for Pond C-2 and nine 
times per year for A-4 and B-5 combined. Since the DQO process originally targeted three 
composite samples per discharge (for WY 1997), Terminal Pond POCs targeted 30 composite 
samples to be collected annually.  
 
During WY 1997, all routine North and South Walnut Creek water was discharged from A-4 
(B-5 was pump transferred to A-4, except during periods of high stormwater runoff). Starting in 
WY 1998, Pond B-5 began routine direct discharge to Walnut Creek, effectively dividing 
discharges to Walnut Creek between Ponds A-4 and B-5. Therefore, sampling protocols starting 
in WY 1998 were modified such that the total number of continuous flow-paced composite 
samples to be collected annually for discharges from both A-4 and B-5 would be comparable to 
the WY 1997 targets. For WYs 1993 through 1997, the total combined discharge volume for A-4 
and B-5 was 687 MG in 43 discharge batches, or 16 MG per discharge batch on average. 
Targeting three composite samples per discharge gives one composite sample per 5.3 MG of 
discharge volume. This composite sample frequency (1 per 5.3 MG) preserved the targeted 
sampling frequencies (based on discharge volume) while maintaining effective cost controls 
(based on total sample costs). 
 
For CY 2005 planning purposes for Walnut Creek, seven samples were to be collected from A-4, 
and six from B-5, targeting the collection of 13 composite samples (see Table 2−70). 
 
The source(s) of the water sampled at the Indiana Street POCs (GS01 and GS03) must be 
determined prior to sample planning at these locations. Monitoring at GS01 and GS03 calls for 
samples to be segregated based on water origin (natural creek flows or Terminal Pond discharges 
commingled with natural flows). 
 
POC GS01 targets three samples during each Pond C-2 discharge; storm runoff and baseflow 
samples are based on average annual volumes. During storm runoff and baseflow, the target at 
GS01 is 25 samples per year (frequency based on expected discharge), with a maximum of four 
samples during any one month (see Table 2−70). GS03 targets 13 samples during A-4 and B-5 
discharges (GS03 collects the same number of composite samples as the Terminal Pond POCs 
for each discharge). During storm runoff and baseflow periods between pond discharges, GS03 
targets two composite samples every 15 days. The goal is to have at least two analytical results 
for any 30-day period for averaging purposes. The Site may combine samples of the same flow 
pacing to reduce analytical costs and avoid samples of non-sufficient quantity for analysis. 
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Table 2−66. RFCA POC AoIs 
 

Total Pu-239,240 

Known carcinogen. Known past measurements (within the past 
8 years) have exceeded RFCA Action Levels. This provides 
reasonable cause to expect future measurements in excess of 
RFCA Standards. 

Total Am-241 

Known carcinogen. Present on Site. Known past measurements 
have exceeded RFCA Action Levels. This provides reasonable 
cause to expect future measurements in excess of RFCA 
Standards. 

Radionuclides: 

Total U-233,234; 
U-235; U-238 

Known renal toxicity. Present on Site. Past measurements 
provide reasonable cause to expect future measurements in 
excess of RFCA Standards. 

Real Time 
Monitoring: Flow 

Required to detect flow events, pace automatic samplers, 
evaluate contaminant loads, and plan pond operations and 
discharges. Affects nearly every decision rule, and is the most 
commonly discussed attribute of Site surface waters. 

 
 
2.10.2 CY 2005 Monitoring Scope 

Table 2−67. POC Monitoring Locations 
 

Location 
Code Location Primary Flow Measurement Device Telemetry 

GS11 Pond A-4 outlet works 24-inch Parshall Flume Yes 
GS08 Pond B-5 outlet works 24-inch Parshall Flume Yes 
GS31 Pond C-2 outlet works 24-inch Parshall Flume Yes 

GS03 Walnut Creek and Indiana Street 
6-inch and 36-inc Parallel Parshall 
Flumes; 3-foot HL-Flume installed 
February 12, 2003 

Yes 

GS01 Woman Creek and Indiana Street 9-inch Parshall Flume Yes 
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Figure 2−182. CY 2005 Point of Compliance Monitoring Locations 
 
 

Table 2−68. POC Field Data Collection: Parameters and Frequency 
 

Location Code Parameter Discharge 

GS01 15-min continuous 

GS03 15-min continuous 

GS08 15-min continuous 

GS11 15-min continuous 

GS31 15-min continuous 

Note: All locations collect both 5- and 15-minute interval flow data. 

 
 

Table 2−69. POC Sample Collection Protocols 
 

Location Code Frequency: CY 2005 Actual (Target) Typeb 
GS01 18 (28 per yearc) Continuous flow-paced composites 
GS03 20 (42 per yeara) Continuous flow-paced composites 
GS08 10 (6 per yeara) Continuous flow-paced composites 

GS11 3 (7 per yeara) Continuous flow-paced composites 
GS31 1 (3 per yearc) Continuous flow-paced composites 

aAssuming one composite sample per 5.3 MG of Terminal Pond discharge volume. Number may vary due to pond-water 
management activities. 
bSample types are defined in Appendix B. 
cAssumes one C-2 discharge per year; three composite samples per discharge. 
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Table 2−70. POC Target Sample Distribution29 
 

Pond: CY 2005 Actual 
(Target) 

Walnut Creek at 
Indiana Street 

[GS03]: 

Woman Creek at 
Indiana Street 

[GS01]: 

Total Number 
of Samples: Time 

Period 
A-4 

[GS11] 
B-5 

[GS08] 
C-2 

[GS31] 
CY 2005 Actual 

(Target) 
CY 2005 Actual 

(Target) 

CY 2005 
Actual 

(Target) 
During Discharge 3 (7a) 10 (6a) 1 (3b) 13 (13a) 1 (3b) 28 (32) 

Storm and Baseflowc 

January 2005 NA NA NA 0 (3) 2 (2) 2 (5) 
February 2005 NA NA NA 0 (3) 3 (2) 3 (5) 

March 2005 NA NA NA 0 (3) 3 (4) 3 (7) 
April 2005 NA NA NA 2 (3) 5 (4) 7 (7) 
May 2005 NA NA NA 2 (2) 2 (4) 4 (6) 

June 2005 NA NA NA 2 (3) 1 (3) 3 (6) 
July 2005 NA NA NA 1 (3) 0 (1) 1 (4) 
August 2005 NA NA NA 0 (3) 0 (1) 0 (4) 

September 2005 NA NA NA 0 (3) 0 (1) 0 (4) 
October 2005 NA NA NA 0 (2) 0 (1) 0 (3) 
November 2005 NA NA NA 0 (2) 0 (2) 0 (4) 

December 2005 NA NA NA 0 (2) 1 (2) 1 (4) 
Annual Totals 3 (7) 10 (6) 1 (3) 20 (42) 18 (28) 52 (91) 

aAssuming one composite sample per 5.3 MG of Terminal Pond discharge volume. Number may vary due to pond-water 
management activities. 
bAssumes one C-2 discharge per year; three composite samples per discharge. 
cGS01 and GS31 distribution based on Pacific Northwest National Laboratory recommendations; GS03 distribution based on 
average monthly number of days without a Terminal Pond discharge using historic data (period when neither A-4 nor B-5 direct 
discharged) targeting approximately one composite every 8 days. 

 
 

Table 2−71. POC Analytical Targets (Analyses per Year) 
 

Location Code TSSa: CY 2004 Actual 
(Target) 

Pu, U, Am: CY 2004 
Actual (Target) 

GS01 4 (28) 18 (28) 
GS03 10 (42) 20 (42) 

GS08 6 (6) 10 (6) 
GS11 0 (7) 3 (7) 
GS31 0 (3) 1 (3) 

aIdeally, TSS would be analyzed for all samples collected at the above locations. However, 
continuous flow-paced sampling protocols often result in composite samples which are collected over 
periods exceeding the 7-day hold time for TSS analyses. Therefore, TSS can not be analyzed for all 
continuous flow-paced composite samples, but will be analyzed when possible. 

 
 

                                                 
29 The number of samples collected at each pond depends on the amount of water discharged from each pond. Of the 
combined North and South Walnut Creek inflows, 65 percent flows to B-5 and 35 percent flows to A-4, on average. 
Depending on pond operation protocols, it is possible that no water could be directly discharged from Pond B-5, and 
no samples would be collected at GS08. All B-5 water would be pumped to A-4, and all POC samples for both A-4 
and B-5 would then be collected at GS11. Regardless, the targeted 13 samples is specified for budget planning 
purposes. 
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2.10.3 Data Evaluation 

Sampling for AoIs at POCs is performed by collecting continuous flow-paced composite 
samples. These AoIs are evaluated using volume-weighted 30-day or 12-month rolling averages, 
as specified in the IMP. Prior to final Site closure (October 13, 2005), total Pu, Am, and U were 
evaluated using volume-weighted 30-day moving averages at all POCs.30 After October 13, 2005, 
total Pu, Am, and U are evaluated using volume-weighted 30-day averages at the Indiana Street 
POCs and 12-month rolling averages31 at the Terminal Pond POCs. 
 
Generally, analytical data evaluation is performed as data become available. If an initial 
qualitative screening indicates that an analytical result is higher than the standard for a particular 
AoI, then the compliance values are calculated immediately. If the compliance values are 
reportable, then validation is requested for all data packages used in the calculation. The desired 
evaluation frequency is semi-monthly, within 1 week of the 15th and last day of any given 
month. RFCA requires that DOE, RFPO inform regulators within 15 days of DOE, RFPO 
gaining knowledge (not just a suspicion) that an exceedance (verified) has (actually) occurred. 
The DQO decision rule is: 
 
IF  The volume-weighted 30-day (Indiana Street POCs) or 12-month rolling (Terminal 

Pond POCs) average for any AoI in Stream Segment 4, as represented by samples 
from the specified RFCA POCs (i.e., Terminal Pond discharges and Indiana Street) 
exceeds the appropriate RFCA standard (Table 2−73)⎯ 

THEN  The Site must: 
⎯ Notify EPA, CDPHE, and either Broomfield or Westminster, whichever is 

affected; 
⎯ Submit a plan and schedule to evaluate for source location, and implement 

mitigating action if appropriate; and 
⎯ The Site may receive a notice of violation. 

 

                                                 
30 The 30-day average for a particular day is calculated as a volume-weighted average of a ‘window’ of time 
containing the previous 30-days which had both flow and an analytical result. Each day has its own discharge 
volume (measured at the location with a flow meter) and activity (analytical result from the sample in place at the 
end of that day). Therefore, there are 365 30-day moving averages for a location which flows all year (366 in a leap 
year). At locations which monitor pond discharges or have intermittent flows, 30-day averages are calculated as 
averages of the previous 30 days of greater than zero flow. For days where no activity is available, either due to 
failed lab analysis or NSQ for analysis, no 30-day average is reported. 
31 The 12-month rolling average for the last day of a particular month is calculated as a volume-weighted average of 
a “window” of time containing the previous 12 months. Each 12-month “window” includes daily discharge volumes 
(measured at the location with a flow meter) and daily activities (from the sample carboy in place at the end of that 
day). Therefore, there are twelve 12-month rolling averages for a given calendar year. Days with no flow or no 
analytical result, either due to failed laboratory analysis, NSQ for analysis, or excessive duplicate error ratio (DER), 
are not included in the. When no discharge has occurred in the last 12 months, no 12-month rolling average is 
reported. 
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Table 2−72. POC Monitoring Analytical Data Evaluation 
 

Location Code Evaluation Typea 
GS01 30-Day Volume-Weighted Moving Averages; Loading Analysis 
GS03 30-Day Volume-Weighted Moving Averages; Loading Analysis 

GS08 30-Day Volume-Weighted Moving Averages (through 10/13/05); 
12-Month Rolling Averages (starting 10/31/05); Loading Analysis 

GS11 30-Day Volume-Weighted Moving Averages (through 10/13/05); 
12-Month Rolling Averages (starting 10/31/05); Loading Analysis 

GS31 30-Day Volume-Weighted Moving Averages (through 10/13/05); 
12-Month Rolling Averages (starting 10/31/05); Loading Analysis 

aDetails on the evaluation of analytical results are given in Appendix B.1: Data Evaluation Methods. Loading analysis for 
POCs is given in Section 2.4. 

 
 

Table 2−73. POC Monitoring RFCA Standards 
 

Analyte Standard 
Am-241 0.15 pCi/L 

Pu-239,240 0.15 pCi/L 
Total Uranium 10 pCi/L (Walnut Creek); 11 pCi/L (Woman Creek) 

Note: The above standards only apply to 30-day and 12-month rolling average values. 
Comparisons to other values are provided for reference only. 

 
 
The following sections include summary tables and plots showing the 30-day moving averages, 
periodic volume-weighted averages, and rolling 12-month volume-weighted averages for the 
POC analytes. 
 
The following evaluations include all results that were not rejected through the verification and 
validation process. Data are generally presented to decimal places as reported by the laboratories. 
Accuracy should not be inferred; minimum detectable concentrations/activities and analytical 
error are often greater than the precision presented. When a sample has a corresponding field 
duplicate, the value used in calculations is the arithmetic average of the ‘real’ and the ‘duplicate’ 
values. When a sample has multiple ‘real’ analyses (Site requested ‘reruns’), the value used in 
calculations is the arithmetic average of the multiple ‘real’ analyses. Total uranium is calculated 
by summing the activities for the analyzed isotopes (U-233,234 + U-235 + U-238). The methods 
used for the evaluations are given in Appendix B.1, “Data Evaluation Methods.” The loading 
analysis for the POCs is presented in Section 2.4.  
 
2.10.3.1 Location GS01 
 
Monitoring location GS01 is located on Woman Creek at Indiana Street. Figure 2−11 shows the 
drainage area for GS01. The Woman Creek headwaters, the southern portion of the former IA, 
and Pond C-2 contribute flow to GS01. 
 
Table 2−74 shows that all of the annual average Pu and Am activities were well below the 
0.15 pCi/L standard. Additionally, the long-term Pu and Am averages (CY 1997−2005) are well 
below the 0.15 pCi/L standard. The average total uranium activities are all well below the 
11 pCi/L standard. Figure 2−183 through Figure 2−186 show no occurrences of reportable 
values. 
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Table 2−74. Annual Volume-Weighted Average Radionuclide Activities at GS01 in CY 1997−2005 

 
Volume-Weighted Average Activity (pCi/L) Calendar Year 

Am-241 Pu-239,240 Total Uranium 
1997 0.003 0.007 NA 
1998 0.006 0.006 NA 

1999 0.005 0.008 NA 
2000 0.004 0.003 NA 
2001 0.004 0.006 NA 

2002 0.002 0.001 NA 
2003 0.002 0.004 1.24 
2004 0.003 0.002 3.57 

2005 0.004 0.003 2.46 
Total (CY 1997−2005) 0.004 0.005 2.05 
Collection of total uranium data began on February 3, 2003. 
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Figure 2−183. Pu and Am Compliance Values at GS01: CY 2005 
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Figure 2−184. Volume-Weighted 30-Day Average Pu and Am Activities at GS01: CY 1997–2005 
 
 

0

2

4

6

8

10

12

1/
1/

05

2/
1/

05

3/
1/

05

4/
1/

05

5/
1/

05

6/
1/

05

7/
1/

05

8/
1/

05

9/
1/

05

10
/1

/0
5

11
/1

/0
5

12
/1

/0
5

1/
1/

06

Date

A
ct

iv
it

y 
in

 p
C

i/L

Total Uranium 30d Avg

RFCA Standard for Total Uranium of 11 pCi/L

Gaps in data are for periods 
of zero flow, no flow data, or 

no analytical result.

 
 

Figure 2−185. Total Uranium Compliance Values at GS01: CY 2005 
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Figure 2−186. Volume-Weighted 30-Day Average Total Uranium Activities at GS01: CY 2003−2005 
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Figure 2−187. Annual Volume-Weighted Average Pu and Am Activities at GS01: CY 1997–2005 
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Figure 2−188. Annual Volume-Weighted Average Total Uranium Activities at GS01: CY 2003–2005 
 
 
2.10.3.2 Location GS03 
 
Monitoring location GS03 is located on Walnut Creek at Indiana Street. Figure 2−14 shows the 
drainage area for GS03. The Walnut Creek headwaters, the majority of the former IA, Pond A-4, 
and Pond B-5 contribute flow to GS03. 
 
Table 2−75 shows that all of the annual average Pu and Am activities were well below the 
0.15 pCi/L standard. Additionally, the long-term Pu and Am averages (CY 1997−2005) are well 
below the 0.15 pCi/L standard. The average total uranium activities are all well below the 
10 pCi/L standard. 
 
Figure 2−189 through Figure 2−192 show no occurrences of reportable values. The slight 
increase in CY 2005 Am activities is due to the discharge of treated A-4 water with Am activities 
slightly higher than normal. 
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Table 2−75. Annual Volume-Weighted Average Radionuclide Activities at GS03 in CY 1997−2005 
 

Volume-Weighted Average Activity (pCi/L) Calendar Year 
Am-241 Pu-239,240 Total Uranium 

1997 0.014 0.026 NA 
1998 0.010 0.014 NA 

1999 0.009 0.015 NA 
2000 0.007 0.005 NA 
2001 0.005 0.009 NA 

2002 0.006 0.012 NA 
2003 0.005 0.006 1.79 
2004 0.008 0.008 1.76 

2005 0.022 0.008 3.95 
Total (CY 1997−2005) 0.009 0.013 2.22 

Collection of total uranium data began on November 5, 2002. 
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Figure 2−189. Pu and Am Compliance Values at GS03: CY 2005 
 
 



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 2–195 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

1/
1/

97

5/
1/

97

9/
1/

97

1/
1/

98

5/
1/

98

9/
1/

98

1/
1/

99

5/
1/

99

9/
1/

99

1/
1/

00

5/
1/

00

9/
1/

00

1/
1/

01

5/
1/

01

9/
1/

01

1/
1/

02

5/
1/

02

9/
1/

02

1/
1/

03

5/
1/

03

9/
1/

03

1/
1/

04

5/
1/

04

9/
1/

04

1/
1/

05

5/
1/

05

9/
1/

05

1/
1/

06

Date

A
ct

iv
it

y 
in

 p
C

i/L

Pu-239,240 30d Avg

Am-241 30d Avg

RFCA Standard for Pu-239,240 and Am-241 of 0.15 pCi/L

Gaps in data are for periods of 
zero discharge, no flow data, or 

no analytical result.

 
 

Figure 2−190. Volume-Weighted 30-Day Average Pu and Am Activities at GS03: CY 1997–2005 
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Figure 2−191. Total Uranium Compliance Values at GS03: CY 2005 
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Figure 2−192. Volume-Weighted 30-Day Average Total Uranium Activities at GS03: CY 2003−2005 
 
 

0.
02

6

0.
01

4 0.
01

5

0.
00

5

0.
00

9

0.
01

2

0.
00

6 0.
00

8

0.
00

8

0.
01

4

0.
01

0

0.
00

9

0.
00

7

0.
00

5

0.
00

6

0.
00

5

0.
00

8

0.
02

2

0

0.005

0.01

0.015

0.02

0.025

0.03

1997 1998 1999 2000 2001 2002 2003 2004 2005

Calendar Year

A
ve

ra
g

e 
A

ct
iv

it
y 

in
 p

C
i/L

Pu-239,240

Am-241

 
 

Figure 2−193. Annual Volume-Weighted Average Pu and Am Activities at GS03: CY 1997–2005 
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Figure 2−194. Annual Volume-Weighted Average Total Uranium Activities at GS03: CY 2003–2005 
 
 
2.10.3.3 Location GS08 
 
Monitoring location GS08 is located on South Walnut Creek at the outlet of Pond B-5. 
Figure 2−20 shows the drainage area for GS08. The central portion of the former IA contributes 
flow to GS08. 
 
Table 2−76 shows that all of the annual average Pu and Am activities were below the 0.15 pCi/L 
standard. Additionally, the long-term Pu and Am averages (CY 1997−2005) are well below the 
0.15 pCi/L standard. The average uranium activities are all well below the 10 pCi/L standard. 
 
Figure 2−195 through Figure 2−198 show no occurrences of reportable values. 
 

Table 2−76. Annual Volume-Weighted Average Radionuclide Activities at GS08 in CY 1997−2005 
 

Volume-Weighted Average Activity (pCi/L) Calendar Year 
Am-241 Pu-239,240 Total Uranium 

1997 0.008 0.006 1.69 
1998 0.006 0.008 2.33 
1999 0.015 0.046 1.38 

2000 0.029 0.047 0.93 
2001 0.004 0.006 1.24 
2002 0.003 0.002 0.68 

2003 0.006 0.026 1.37 
2004 0.009 0.009 1.24 
2005 0.021 0.008 6.11 

Total (CY 1997−2005) 0.012 0.022 1.60 
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Figure 2−195. Pu and Am Compliance Values at GS08: CY 2005 
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Figure 2−196. Volume-Weighted 30-Day Average Pu and Am Activities at GS08: CY 1997–
October 13, 2005 
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Figure 2−197. Total Uranium Compliance Values at GS08: CY 2005 
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Figure 2−198. Volume-Weighted 30-Day Average Total Uranium Activities at GS08: CY 1997–
October 13, 2005 
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Figure 2−199. Annual Volume-Weighted Average Pu and Am Activities at GS08: CY 1997–2005 
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Figure 2−200. Annual Volume-Weighted Average Total Uranium Activities at GS08: CY 1997–2005 
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2.10.3.4 Location GS11 
 
Monitoring location GS11 is located on North Walnut Creek at the outlet of Pond A-4. 
Figure 2−26 shows the drainage area for GS11. The northern portion of the former IA 
contributes flow to GS11. 
 
Table 2−77 shows that all of the annual average Pu and Am activities were well below the 
0.15 pCi/L standard. Additionally, the long-term Pu and Am averages (CY 1997−2005) are well 
below the 0.15 pCi/L standard. The average uranium activities are all well below the 10 pCi/L 
standard. 
 
Figure 2−201 through Figure 2−204 show no occurrences of reportable values. 
 

Table 2−77. Annual Volume-Weighted Average Radionuclide Activities at GS11 in CY 1997−2005 
 

Volume-Weighted Average Activity (pCi/L) Calendar Year 
Am-241 Pu-239,240 Total Uranium 

1997 0.005 0.008 1.82 
1998 0.011 0.004 2.18 

1999 0.003 0.007 1.76 
2000 0.001 0.018 2.45 
2001 0.003 0.002 2.89 

2002 0.003 0.000 2.29 
2003 0.003 0.002 2.91 
2004 0.006 0.002 2.71 

2005 0.022 0.002 1.78 
Total (CY 1997−2005) 0.006 0.006 2.19 
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Figure 2−201. Pu and Am Compliance Values at GS11: CY 2005 
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Figure 2−202. Volume-Weighted 30-Day Average Pu and Am Activities at GS11: CY 1997–
October 13, 2005 
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Figure 2−203. Total Uranium Compliance Values at GS11: CY 2005 
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Figure 2−204. Volume-Weighted 30-Day Average Total Uranium Activities at GS11: CY 1997–
October 13, 2005 
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Figure 2−205. Annual Volume-Weighted Average Pu and Am Activities at GS11: CY 1997–2005 
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Figure 2−206. Annual Volume-Weighted Average Total Uranium Activities at GS11: CY 1997–2005 
 
 
2.10.3.5 Location GS31 
 
Monitoring location GS31 is located on Woman Creek at the outlet of Pond C-2. Figure 2−34 
shows the drainage area for GS31. The southern portion of the former IA contributes flow to 
GS31. 
 
Table 2−78 shows that all of the annual average Pu and Am activities were below the 0.15 pCi/L 
standard. Additionally, the long-term Pu and Am averages (CY 1997−2005) are below the 
0.15 pCi/L standard. The average uranium activities are all well below the 11 pCi/L standard. 
 
Figure 2−207 through Figure 2−210 show no occurrences of reportable values. 
 

Table 2−78. Annual Volume-Weighted Average Radionuclide Activities at GS31 in CY 1997−2005 
 

Volume-Weighted Average Activity (pCi/L) Calendar Year 
Am-241 Pu-239,240 Total Uranium 

1997 0.008 0.017 2.10 
1998 0.018 0.003 2.53 
1999 0.010 0.043 2.70 

2000 No C-2 Discharge No C-2 Discharge No C-2 Discharge 
2001 0.013 0.021 1.25 
2002 0.015 0.089 2.43 

2003 0.006 0.015 1.62 
2004 0.010 0.021 1.65 
2005 0.008 0.020 4.07 

Total (CY 1997−2005) 0.011 0.019 2.13 
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Figure 2−207. Pu and Am Compliance Values at GS31: CY 2005 
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Note: 30 days of flow were not available for use in calculation until during CY 1999 (June 6, 1999), the 4th C-2 discharge after the 
start of RFCA monitoring. 
 

Figure 2−208. Volume-Weighted 30-Day Average Pu and Am Activities at GS31: CY 1997–
October 13, 2005 

 
 



 
Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy 
Doc. No. S0235400 June 2006 
Page 2–206 

0

2

4

6

8

10

12

1/
1/

05

1/
15

/0
5

1/
29

/0
5

2/
12

/0
5

2/
26

/0
5

3/
12

/0
5

3/
26

/0
5

4/
9/

05

4/
23

/0
5

5/
7/

05

5/
21

/0
5

6/
4/

05

6/
18

/0
5

7/
2/

05

7/
16

/0
5

7/
30

/0
5

8/
13

/0
5

8/
27

/0
5

9/
10

/0
5

9/
24

/0
5

10
/8

/0
5

10
/2

2/
05

11
/5

/0
5

11
/1

9/
05

12
/3

/0
5

12
/1

7/
05

12
/3

1/
05

Date

A
ct

iv
it

y 
in

 p
C

i/L

Total Uranium 30d Avg

Total Uranium 12m Rolling

RFCA Standard for Total Uranium of 10 pCi/L

Gaps in 30-day averages are for 
periods of zero discharge or no 

analytical result.

 
 

Figure 2−209. Total Uranium Compliance Values at GS31: CY 2005 
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Note: 30 days of flow were not available for use in calculation until during CY 1999 (June 6, 1999), the 4th C-2 discharge after the 
start of RFCA monitoring. 
 

Figure 2−210. Volume-Weighted 30-Day Average Total Uranium Activities at GS31: CY 1997–
October 13, 2005 
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Figure 2−211. Annual Volume-Weighted Average Pu and Am Activities at GS31: CY 1997–2005 
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Figure 2−212. Annual Volume-Weighted Average Total Uranium Activities at GS31: CY 1997–2005 
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2.11 Non-POC Monitoring in Walnut Creek 
 
The monitoring described in this section is done to evaluate nitrate concentrations in Walnut 
Creek during Site Terminal Pond discharges. 
 
2.11.1 Data Types, Frequency, and Collection Protocols 

Nitrate analysis will be performed for the same pond discharge samples collected under the POC 
monitoring objective (Section 2.10). Annual sample collection targets for the Walnut Creek 
POCs are given in Table 2−70. 
 
Non-POC nitrate monitoring will be confined to samples taken during the Terminal Pond 
discharges at GS11, GS08, and GS03 (Table 2−79). 
 
2.11.1.1 Data Types and Frequencies: 

• Nitrate, as sampled for at the Walnut Creek Non-POC locations GS03, GS08, and GS11 
during Terminal Pond discharges only; 

• Source of the water sampled. Monitoring at Indiana Street Non-POC location GS03 calls 
for samples to be segregated based on water origin (natural creek flows or Terminal Pond 
discharges commingled with natural flows); 

• Samples collected will be continuous flow-paced composites; and 

• Flow-paced monitoring is maintained at all times for the Non-POC locations. 
 
2.11.1.2 Boundaries: 

• Spatial: Data collection is limited to Non-POC monitoring locations GS03, GS08, and 
GS11. 

• Temporal: Data are collected continuously, during Terminal Pond discharges only, using 
automated equipment. 

 
2.11.2 CY 2005 Monitoring Scope 

Table 2−79. Non-POC Monitoring Locations 
 

Location 
Code Location Primary Flow Measurement Device Telemetry 

GS03 Walnut Creek and Indiana Street 6-inch and 36-inch Parallel Parshall Flumes; 3-foot 
HL-Flume installed February 12, 2003 Yes 

GS11 Pond A-4 outlet works 24-inch Parshall Flume Yes 
GS08 Pond B-5 outlet works 24-inch Parshall Flume Yes 
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Table 2−80. Non-POC Field Data Collection: Parameters and Frequency 
 

Location Code Parameter Discharge 
GS03 15-min continuous 
GS08 15-min continuous 
GS11 15-min continuous 

Note: All locations collect both 5- and 15-minute interval flow data. 
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Figure 2−213. CY 2005 Non-POC Monitoring Locations 
 
 

Table 2−81. Non-POC Sample Collection Protocols 
 

Location 
Code 

Frequency: CY 2005 Actual (Target) 
[Monitoring Implemented 10/13/05] Typeb 

GS03 0 (0 per yeara) Continuous flow-paced composites 

GS08 0 (0 per yeara) Continuous flow-paced composites 
GS11 0 (0 per yeara) Continuous flow-paced composites 

aAssuming one composite sample per 5.3 MG of Terminal Pond discharge volume. Number may vary due to 
pond-water management activities. 
bSample types are defined in Appendix B. 

 
 
2.11.3 Data Evaluation 

Sampling for nitrate at the Non-POC locations is performed by collecting continuous flow-paced 
composite samples during pond discharges. Nitrate will be evaluated using the 85th percentile of 
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the volume-weighted 30-day averages32 for a calendar year at GS03 and 12-month rolling 
averages33 at GS08 and GS11. 
 
Generally, analytical data evaluation is performed as data become available. If an initial 
qualitative screening indicates that an analytical result is higher than the standard, then the 
compliance values are calculated immediately. If the compliance values are reportable, then 
validation is requested for all data packages used in the calculation. The desired evaluation 
frequency is semi-monthly, within 1 week of the 15th and last day of any given month. RFCA 
requires that DOE, RFPO inform regulators within 15 days of DOE, RFPO gaining knowledge 
(not just a suspicion) that an exceedance (verified) has (actually) occurred. The DQO decision 
rule is: 
 
IF The volume-weighted 12-month rolling average for nitrate, as represented by samples 

from the specified Terminal Pond Non-POC monitoring locations (GS08 and GS11), 
exceeds the appropriate RFCA standard— 

THEN The Site must notify EPA and CDPHE within 15 days of DOE, RFPO gaining 
knowledge that an exceedance (verified) has occurred to initiate the consultative 
process. 

 
IF The 85th percentile of the volume-weighted 30-day moving averages of a given 

calendar year for nitrate, as represented by samples from Non-POC monitoring location 
GS03 exceeds the appropriate RFCA standard— 

THEN The Site must notify EPA and CDPHE within 15 days of DOE, RFPO gaining 
knowledge that an exceedance (verified) has occurred to initiate the consultative 
process. 

 
Table 2−82. POC Monitoring Analytical Data Evaluation 

 
Location Code Evaluation Typea 

GS03 85th Percentile of 30-Day Volume-Weighted Moving Averages for 
Calendar Year 

GS08 12-Month Rolling Averages  
GS11 12-Month Rolling Averages  

aDetails on the evaluation of analytical results are given in Appendix B.1: Data Evaluation Methods 

 
 

                                                 
32 The 30-day average for a particular day is calculated as a volume-weighted average of a “window” of time 
containing the previous 30-days that had flow. Each day has its own discharge volume (measured at the location 
with a flow meter) and concentration (from the sample carboy in place at the end of that day). Therefore, there are 
365 30-day moving averages for a location that flows all year. At locations that have intermittent flows, 30-day 
averages are reported as averages of the previous 30 days of greater than zero flow. For days where no activity is 
available, either due to failed laboratory analysis or NSQ for analysis, no 30-day average is reported. 
33 The 12-month rolling average for the last day of a particular month is calculated as a volume-weighted average of 
a “window” of time containing the previous 12 months. Each 12-month “window” includes daily discharge volumes 
(measured at the location with a flow meter) and daily concentrations (from the sample carboy in place at the end of 
that day). Therefore, there are twelve 12-month rolling averages for a given calendar year. Days with no flow or no 
analytical result, either due to failed laboratory analysis or NSQ for analysis, are not included in the average. When 
no pond discharge has occurred in the last 12 months, no 12-month rolling average is reported. 
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Table 2−83. POC Monitoring RFCA Standards 
 

Analyte Standard 
Nitrate 10 mg/L 

Note: The above standard only applies to 30-day and 12-month rolling average values. 
Comparisons to other values are provided for reference only. 

 
 
No Pond discharges occurred during the October−December 2005 period (monitoring objective 
implemented October 13, 2005). Therefore, no data were collected and no evaluation is 
presented in this report. 
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End of current text 
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3.0 Ground Water Monitoring 

This section discusses ground water monitoring and presents interpretations resulting from these 
activities in 2005. Section 3.1 presents an overview of routine monitoring activities. Section 3.2 
discusses activities taken to complete the ground water monitoring network. Results of ground 
water monitoring are summarized in Section 3.3, which focuses on the more notable ground 
water contaminant plumes at the Site. Included in this section is discussion of the ground water 
treatment systems. The Present Landfill and Original Landfill are addressed in Section 3.4. 
Section 3.5 summarizes some of the ground water-affecting activities that took place as a part of 
Site closure, as well as selected studies performed on Site ground water. References are included 
in Section 8. 
 
Appendix B.3 includes previously-published Seasonal-Kendall (S-K) trend plots from the 
quarterly reports for 2005 (K-H 2005d, 2005p; DOE 2006d, 2006e). Appendix A.3 contains 
water level data from 2004 and 2005, and Appendix A.4 contains hydrographs for closure 
network wells. Appendix C includes core logs from 2004 and 2005.  
 
Unlike previous years, no Annual Report was issued for CY 2004. With few exceptions, such as 
the inclusion of water level data, core logs, and well diagrams for 2004 noted above, this 2005 
report does not attempt to address monitoring or results in 2004. The 2005 Annual Report is 
written with two primary objectives:  

1. Provide summary discussion and interpretation of ground water results obtained in 2005 
from IMP locations; and  

2. Incorporate additional content that may be most relevant to long-term monitoring objectives 
at the Site. 

 
Some of the content included in previous versions of the Annual Report is eliminated from this 
report as unnecessary. Even so, some of the information in this 2005 Report may yet be 
unnecessary but is included to provide additional detail that may be of interest. 
 
Note that prior to Site closure, the Site was referred to as the Rocky Flats Environmental 
Technology Site, or RFETS, rather than the Rocky Flats Site, or RFS. Similarly, prior to closure 
the convention at the Site was to use the single-word form of the term “groundwater;” after 
closure, the two-word form, “ground water,” has been adopted. These differences are generally 
of trivial significance, but when performing computer searches for documents the distinction can 
be important. References in this section honor the form used by the reference cited. 
 
Note also that discussions of ground water analytical data are focused on the IMP-defined 
dataset, which contains data from January 1, 2000, to the end of the reporting period⎯in this 
case, through December 31, 2005. In addition, unless otherwise noted these discussions consider 
only results from “REAL” samples⎯not field or laboratory duplicates, for example⎯and data 
that are rejected or not validated are excluded. Those seeking additional detail in the analytical 
data are referred to previously published documents, such as the quarterly reports 
(e.g., K-H 2005d, 2005p; DOE 2006d, 2006e). 
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3.1 Routine Ground Water Monitoring Activities of 2005 
 
Routine activities performed by the ground water monitoring program in 2005 focused on 
routine sample collection, water level measurement, and the development or redevelopment of 
wells in the closure network.  
 
The program also performed project-specific monitoring (also referred to as nonroutine or 
special sampling) to support Site closure. Analytical data and other information generated via 
routine and nonroutine sampling have been reported in the corresponding quarterly reports 
(K-H 2005d, 2005p; DOE 2006d, 2006e). Because the DQOs for special sampling were typically 
extremely specific and temporary, and sample collection was not driven by the IMP, this 
sampling will not be discussed except with respect to monitoring at the Present Landfill 
(Section 3.4) and other selected areas. 
 
The network of monitoring wells that existed on January 1, 2005, was significantly different 
from that present on December 31, 2005. This was largely due to the need to abandon many 
wells and to abandon and replace many others. Another contributor to the changing network was 
ongoing negotiations taking place to finalize the network, particularly at the two landfills but 
also elsewhere at the Site. See Section 3.2 for more information on activities performed to 
complete the ground water monitoring network. 
 
The closure network for ground water was completed on October 6, 2005, 1 week before Site 
closure was declared by K-H. As a result, many ground water monitoring locations are not 
represented by data for much or all of 2005. Further, for some wells in this network the sampling 
schedule was accelerated or postponed to a different quarter in order to accommodate closure 
activities (for example, to abandon a well before a building was demolished onto it, or install a 
well after the structure had been removed and the area regraded). These schedule adjustments 
caused the “routine” ground water monitoring discussed herein to vary somewhat from the 
temporal components set forth in the IMP. 
 
A discussion of the results of routine sampling performed in 2005 is presented in Section 3.3. 
Another component of routine monitoring, water level measurement, is also discussed in that 
section. Water levels were measured at all accessible wells during 2005. Monitoring locations 
are shown on Figure 3−1.  
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Figure 3−1. Rocky Flats Site IMP Ground Water Monitoring Locations: End of CY 2005 
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3.2 Identification of the Closure Network 
 
This section presents a summary of the efforts taken to delineate and complete the ground water 
“closure network” at RFS. These efforts are discussed in two parts: administrative (including 
technical meetings and studies used to determine monitoring locations) and physical (including 
well installations and abandonments). Following this background, the resulting network is 
described. 
 
3.2.1 Administrative Efforts 

Beginning in 2003 and continuing through 2005, the Ground Water IMP Working Group (the 
Working Group) held numerous technical working meetings to define the closure network for the 
Site. Meetings were held as necessary and were attended by representatives of the Site (K-H and 
DOE), regulatory agencies (EPA and CDPHE), and stakeholders (such as community 
representatives). The specific objectives of these meetings varied, but were all aligned to reach 
the ultimate goal, a closure network suitable to long-term monitoring, and appropriate decision 
rules for that monitoring. To achieve this, meetings focused on defining the following: 

• Monitoring locations comprising the closure network,  

• Decisions associated with monitoring locations in that network,  

• Actions that would be required in the event of adverse water quality, and  

• Exit strategies for ground water monitoring.  
 
Meetings were not restricted to ground water considerations. Surface water topics were 
frequently discussed, given that the primary goal of ground water monitoring at the Site is the 
protection of surface water quality. Issues of soil contamination were also discussed, since that 
contamination is the source of ground water contaminant plumes at the Site. As the network 
evolved through this process, the monitoring schedule that was underway at the time was 
updated, contributing to the complexity of ongoing monitoring.  
 
During various phases of this process, the Working Group received input from experts on several 
technical studies. Most notably, these included ground water modeling of the Site, the Actinide 
Migration Evaluation (AME) and uranium studies, evaluation of natural attenuation, and 
evaluation of statistical trending of ground water data efforts. Projects focusing on physical 
closure of the Site were also involved, in particular those devoted to designing and achieving the 
closure land-surface configuration, and closure of the two landfills. With the exception of the 
AME study, which is summarized below, these are discussed in Section 3.5. 
 
The AME, a multi-year effort summarized in the Actinide Migration Evaluation Pathway 
Analysis Summary (K-H 2002a), focused on the transport of plutonium and americium in the 
environment at RFS. In essence, the AME showed there is no sound technical reason to monitor 
ground water at the Site for Pu and Am. As summarized in the Groundwater IM/IRA 
(K−H 2005l), field studies at RFS by unaffiliated technical experts demonstrated that particulate- 
and colloid-facilitated transport of Pu and Am is the dominant mechanism for their occurrence in 
shallow ground water. As a result, by migrating through the geologic materials that comprise the 
upper hydrostratigraphic unit (UHSU), Pu and Am that may be sorbed to particulates and 
colloids are filtered out. This is confirmed by the fact that Pu and Am ground water 
contamination is generally not found in areas outside of surface soil contamination areas. This is 
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also consistent with the hypothesis that soil contamination is carried down boreholes during 
drilling and well installation activities, thereby causing misleading detections of Pu and Am in 
ground water. Sample results from “aseptic” wells (which were constructed so as to minimize the 
potential for soil contamination to enter the borehole, and which were paired with traditionally 
constructed wells that produced ground water samples with elevated Pu and Am) demonstrate 
that Pu and Am are detected in shallow ground water at RFS in the femtocurie (fCi; one 
quadrillionth, or 10−15, of a curie) per liter range. Even so, the Site agreed to monitor for Pu and 
Am in ground water at five locations in response to community concerns. These locations are 
downgradient of former Buildings 771 (three wells) and 371 (two wells). 
 
3.2.2 Physical Efforts 

Site closure affected ground water monitoring activities extensively, as indicated by the 
discussion above on the final land configuration. The most visible effect related to the 
functioning of the monitoring well network: as facilities were removed and areas were 
remediated, area wells that could not adequately be protected were properly abandoned. After 
removal/remediation and regrading activities were completed, previously-existing wells with 
closure/post-closure DQOs were replaced. This process was accomplished through the Well 
Abandonment and Replacement Program (WARP). Activities performed by the WARP are 
summarized in this section. 
 
Over 1,460 monitoring wells, piezometers, well points, and other similar installations, 
collectively referred to as wells, were installed since the 1950s at the Site. However, for much of 
the Site’s history only a fraction of the existing wells was actively monitored. Therefore, the 
biggest task for the WARP was to abandon wells that had been determined to be unnecessary or 
were recognized to be impeding the closure of the Site. Necessary wells were then replaced when 
conditions were safe to do so. The WARP also repaired or replaced many wells that were 
inadvertently damaged during Site closure activities, in many cases improving on the original 
design of the well. 
 
The WARP was active at RFS for many years, though not continuously. The final WARP effort 
began in 2001, and was designed to be completed in 2006. With further acceleration of the 
closure schedule, work was accelerated to meet the 2005 deadline. 
 
Activities conducted as part of the Site closure-focused WARP included: 

• Development of an initial, generalized Work Plan (K-H 2002i), which outlined the 
applicable requirements and methods to be used; 

• Development of annual Work Plan Addenda (WPAs) and Attachments to the general Work 
Plan (K-H 2002g, 2002e, 2002d, 2002f, 2004b, 2004c, 2005i) that set forth the specific 
monitoring wells to be abandoned, replaced, and/or installed;  

• Abandonment of wells in accordance with the State of Colorado, Office of the State 
Engineer requirements (State of Colorado 2005);  

• Installation of wells to support Site closure efforts, including characterization, but mainly to 
define the closure network; and 

• Identification and collection of ground water samples to provide analytical data from wells 
scheduled to be abandoned. 
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The 2005 WARP completed the abandonment of remaining unnecessary wells at the Site and 
installation/replacement of wells to complete the closure network. Through these activities, a 
total of 291 wells were abandoned (Plate 1), including 48 at the Original Landfill that had been 
scheduled for abandonment in 2004 (K-H 2004b) but were postponed to allow the objectives of 
the Original Landfill closure project to be met. A total of 40 wells was installed in 2005 (Plate 1), 
including 31 well replacements (four of which were installed at the beginning of the year under a 
2004 work plan, K-H 2004c). In addition, many wells designated for retention in the closure 
network were repaired following damage from closure activities, or modified to reflect 
adjustments in ground surface or to replace existing flush-mount protection with newly-installed 
above-ground protection.  
 
Pre-abandonment samples (K-H 2005i) were identified and collected from selected wells for 
selected analytes. Laboratory results from these samples were reported in the first two quarterly 
RFCA reports for 2005 (K-H 2005d, 2005p). 
 
Numerous adjustments in WARP scope were made after the FY 2005 WPA (K-H 2005i) was 
issued. These adjustments directed the abandonment of additional wells, cancelled the 
abandonment of others, and required the installation of more wells. Additional abandonments 
were required as a result of revisions to the IMP (K-H 2005f) and instances in which wells 
retained in the closure network were damaged beyond repair. Cancellations of planned 
abandonments were required to comply with decision documents, once it was determined that 
those documents would not be revised but rather would remain in effect until the final Site 
Record of Decision (ROD) is issued or beyond; and because several wells were requested by the 
U.S. Fish and Wildlife Service (USFWS) to be retained to support USFWS objectives. 
Additional wells were installed when wells were irreparably damaged or the monitoring network 
was revised. Revisions to the IMP that affected WARP scope included finalization of the 
monitoring networks supporting the Present Landfill and Original Landfill, adjustments to the 
network around the 903 Pad/Ryan’s Pit Plume area, and identification of additional monitoring 
north of Building 771 (B771) and south of B991. For details on the well abandonments and 
replacements, see the FY 2005 WPA and Attachments (K-H 2005i). 
 
Wells that remain at Rocky Flats following completion of the 2005 WARP are displayed on 
Plate 1 and Figure 3−1. They include those in the FY 2005 IMP (Rev. 1) monitoring network 
(K-H 2005f), plus wells used for dam safety purposes (i.e., installed within and adjacent to the 
pond dams) and the seven wells requested by the USFWS (all of which are along the pediment 
on the south side of Rock Creek). All other wells at Rocky Flats that were listed as existing 
(i.e., not abandoned) and could be located were abandoned. In some cases, wells designated for 
abandonment could not be found despite lengthy searches by field technicians. Almost all of 
these were well points, typically constructed of small-diameter tubing (most often ¼-inch in 
diameter) with no monument or other obvious markings at the ground surface. If a focused 
search failed to locate such a well, it was assumed destroyed and considered abandoned. In most 
of these cases this conclusion was supported by obvious evidence, as in areas that were the site 
of an excavation or similarly aggressive closure activity (e.g., the installation of the Solar Ponds 
Plume Treatment System, creation of a Functional Channel [FC], or remediation of an Individual 
Hazardous Substance Site). 
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Wells were abandoned, installed, and sampled in accordance with the then-effective Site 
standard operating procedures (SOPs). Abandonment was performed in accordance with Site 
SOP PRO-1620-AWB, “Abandonment of Wells and Boreholes,” which implements 
2 CCR 402-2 (State of Colorado “Water Well Rules;” State of Colorado 2005) and applicable 
aspects of the RFETS closure contract (i.e., remove or cover all structures to a depth no 
shallower than 3 feet below ground surface). Wells were installed following SOP 
PRO-1059-WELL-118, Monitoring Well Installation. Sampling was performed following SOP 
OPS-PRO.113, “Groundwater Sampling.” These SOPs and others referenced therein directed 
how the various activities were performed; special adjustments in those methods, if any, were set 
forth in the associated WPA. 
 
Table 3−1 lists the wells that were abandoned in 2005, and Table 3−2 summarizes the well 
installations in 2005. Core logs for the corresponding well installations are provided in 
Appendix C. Table 3−3 provides a crosswalk between abandoned wells and replacement wells 
installed in 2005.  
 

Table 3−1. Wells Abandoned in 2005 Per Work Control Documents Issued in 2004 and 2005 
 

Well Well Well Well Well Original 
Landfill Well 

00100 11094 3686 56301 84702 00197 
00200 11602 37101 58793 84802 52693 
00293 11891 37201 5887 84902 52793 

00300 12094 37301 59093 85002 52893 
00400 13103 37402 60195 85102 52993 
00500 13403 37501 60299 85202 53093 

00600 1386 37601 60395 85302 53193 
00700 1487 37701 60499 86501 53293 
00891 18299 37791 60599 86601 53393 

01291 18399 38291 60699 86701 56994 
01391 18699 38591 60799 88101 57094 
01497 18799 38991 60899 90099 57894 

01697 1986 39691 61099 90502 57994 
0186 20098 3986 61199 90603 58094 
0187 20198 40099 61299 90703 58194 

02091 20298 40199 61399 90803 58294 
02397 20398 40299 61495 90903 58394 
02491 20498 40399 61499 91104 58494 

02497 20598 40499 61595 95503 58594 
02500 20691 40991 6186 99101 59194 
02697 20698 40999 62593 99201 59294 

02797 20798 41091 6286 99301 59393 
02897 20898 41099 62893 99401 59493 
03791 20991 41102 63093 B208189 59593 

0386 21198 41299 6486 B208289 59594 
04191 21298 41491 6586 B402689 59694 
04591 21398 41591 68194 P114789 59793 

04991 21498 4286 68294 P114889 59794 
05091 21598 4287 68394 P115489 59893 
05191 21698 4386 68494 P115689 59993 

05293 21798 4387 6886 P119389 60093 



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 3–9 

Well Well Well Well Well Original 
Landfill Well 

06091 2187 44202 70493 P207989 60193 
06491 21898 44303 7086 P209389 60293 

07291 21998 50092 71102 P209889 60393 
07991 22098 50099 71202 P209989 60493 
09691 22198 50192 71394 P213689 60593 

10098 22298 50292 75092 P215789 60693 
10194 22796 51094 75292 P218089 60793 
10197 22896 51193 75992 P218389 60893 

10198 23096 51494 77492 P219489 60993 
10298 2687 5187 83101 P219989 61093 
10398 30100 52894 83201 P414189 61293 

10498 30600 52994 84002 P415889 62793 
10598 30991 5586 84102 P416189 63193 
10694 31001 5587 84202 P416289 63893 

10794 32591 55901 84302 P416689 63993 
1086 33803 56001 84402 P416789 64093 

10894 3386 56101 84502  71494 

10994 33904 56201 84602   
Original Landfill wells were in the area of the Original Landfill and were scheduled for abandonment in 2004 (K-H 2004b). However, 
to support the objectives of the Original Landfill closure project, abandonment was postponed until 2005. 

 
 

Table 3−2. Wells Installed in 2005 
 

Well General Location Well General Location 
20205 North of B771/774 55905 North of B559 

20505 North of B771/774 56305 West of B559 
20705 North of B771/774 63805 Rock Creek south of Lindsay Ranch (not in IMP) 
21305 West of B776 70705 East of B707 

21505 West of B776 73005 East face of Present Landfill 
21605 West of B776 73105 East face of Present Landfill 
22205 North of the Solar Ponds 73205 East face of Present Landfill 

33905 Between B374 and T231 79605 East of Solar Ponds 
37105 West of B371/374 80005 South of Original Landfill 
37405 North of B374 80105 South of Original Landfill 

37505 North of B371 80205 South of Original Landfill 
37705 East of B371/374 88104 South of B881 (installed at start of 2005) 
39605 West of B881 88205 South of B881 

40005 West of B444 89104 South of OU1 Plume (installed at start of 2005) 
40205 South of B444 891WEL OU1 Plume source area 

40305 East-southeast of B444 90804 903 Pad/Ryan’s Pit Plume area (installed at start of 
2005) 

42505 At FC-2/FC-3 confluence 91105 Oil Burn Pit #2 
45605 South of B991 and SW056 91305 East of B991 

51605 West of Pond A-1 99305 East of B991 

52505 West of B771 in unnamed 
drainage 99405 East of B991 
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Table 3−3. Crosswalk Between Abandoned Wells that were Replaced in 2005 
 

Former Well 
Identification 

Replacement Well 
Identification General Location 

20298 20205 North of B771/774 
20598 20505 North of B771/774 
20798 20705 North of B771/774 

21398 21305 West of B776 in unnamed drainage 
21598 21505 West of B776 in unnamed drainage 
21698 21605 West of B559, B776 in unnamed drainage 

22298 22205 North of SEPs 
33904 33905 Southeast of B371/374 
37101 37105 West of B371/374 

37401, 37402 37405 North of B371/374 
37501 37505 North of B371/374 
37701 37705 East of B371/374 

39691 39605 West of B881 
40099 40005 West of B444 
40299 40205 South of B444 

40399 40305 East of B444 
1386 51605 North Walnut Creek west of Pond A-1 
1986 52505 West of B771/774 in unnamed drainage  

55901 55905 North of B559 
56301 56305 West of B559 
63894 63805 Not in IMP−Rock Creek south of Lindsay Ranch 

00200 70705 East side of B707 
P207989 79605 East of SEPs 
88101 88104 South of B881 

5187 88205 South of B881 
891COLWEL 891WEL (see note below) OU1 Plume source area 
90803 90804 903 Pad/Ryan’s Pit Plume area 

91103, 91104 91105 Oil Burn Pit #2 source area 
2187 91305 South Walnut Creek southeast of B991 
99301 99305 East of B991 

99401 99405 East of B991 
Note: 891COLWEL was a large-diameter collection well equipped with a dedicated industrial pump. The pump was removed and a 
2-inch PVC well installed within the larger-diameter casing of the collection well. This PVC well is named 891WEL. A new name is 
necessitated by the changes in downhole conditions and sampling methods. 

 
 
3.2.3 The Resulting Closure Network 

The closure network for ground water, devised in consultation with representatives of the 
regulatory agencies and stakeholders in the Working Group, currently comprises 126 wells, 26 of 
which are monitored only for water levels, and 12 other sampling locations (including ground 
water treatment system sampling locations and surface water locations). Surface water locations 
include performance monitoring locations for the treatment systems and locations receiving 
discharge from upgradient ground water contaminant plumes. 
 
The ground water closure network devised by the IMP (K-H 2005f) is subdivided and 
categorized as shown in Table 3−4. Additional modification has been recommended by the 
Working Group (Table 3−5), but because the recommendations pertain to monitoring performed 
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to comply with existing decision documents addressing the ground water treatment systems 
(DOE 1997b, 1999a, 1999b) and Operable Unit (OU)1 Plume (DOE 2001), the decision was 
made to implement these recommendations via the final Site ROD rather than modify each 
individual decision document. Upon acceptance and implementation of these recommendations, 
the well network would be reduced in size by roughly 20 percent. 
 

Table 3−4. IMP Classifications for the Ground Water Monitoring Network (K-H 2005f) 
 

Well 
Classification General Objective Number 

of Wells 
Monitoring 
Frequency 

AOC 
Monitor ground water quality and water levels in a 
drainage downgradient of a contaminant plume or group 
of plumes  

7 Semiannual 
(2x/year) 

Boundary 
Monitor ground water quality and water levels in Woman 
Creek and Walnut Creek drainages at eastern 
(downgradient) Site boundary 

2 Annual (1x/year) 

Sentinel Monitor ground water quality and water levels near 
contaminant plume edges and in drainages 32 Semiannual 

(2x/year) 

Evaluation 
Monitor ground water quality and water levels in or near 
contaminant source areas and in the former Industrial 
Area 

40 Biennial (1x/every 
2 years) 

RCRA 
Monitor ground water quality and water levels upgradient 
and downgradient of the Present Landfill and Original 
Landfill 

10 Quarterly (4x/year) 

Decision Doc Monitor ground water quality and/or water levels in 
accordance with published decision documents 

9 Varies 

Water Level Monitor ground water levels (not water quality) in areas 
lacking coverage or of special interest 26 Semiannual 

(2x/year) 
Treatment 
Systema 

Monitor quality of ground water treatment system influent, 
effluent, and downgradient surface water 10 Semiannual 

(2x/year) 
Surface Water 
Supporta 

Monitor quality of surface water downgradient of 
contaminant plume 2 Semiannual 

(2x/year) 
aTreatment System and Surface Water Support locations are not monitoring wells but are included for completeness. 
Note: AOC = Area of Concern, RCRA = Resource Conservation and Recovery Act, Decision Doc = Decision Document. 
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Table 3−5. Additional Proposed Modifications to the Monitoring Network 
 
(Except as noted, these are recommended by the Water Working Group during development of the 2005 IMP.) 

Well / Location Area Current IMP Classification Suggested Disposition 
0487 OU1 Decision Document Abandon 
1786 SPPTS Decision Document Abandon 

3586 MSPTS Decision Document Abandon 
4787 OU1 Decision Document Abandon 
4887 OU1 Decision Document Abandon 

10992 OU1 Decision Document Abandon 
11092 OU1 Decision Document Abandon 
15199 MSPTS Water Level Abandon 

15299 MSPTS Water Level Abandon 
15399 MSPTS Water Level Abandon 
15499 MSPTS Water Level Abandon 

15599 MSPTS Water Level Abandon 
15799 MSPTS Water Level Abandon 
16199 MSPTS Water Level Declassify 

16299 MSPTS Water Level Declassify 
16399 MSPTS Water Level Declassify 
16499 MSPTS Water Level Declassify 

16599 MSPTS Water Level Declassify 
70099 SPPTS Decision Document Abandona 
70799 SPPTS Water Level Declassify 

70899 SPPTS Water Level Declassify 
70999 SPPTS Water Level Declassify 
71099 SPPTS Water Level Declassify 

95699 ETPTS Water Level Declassify 
95799 ETPTS Water Level Declassify 
95899 ETPTS Water Level Declassify 

SPPMM02 SPPTS Treatment System Replace with SP INb 
891WEL (replaces 
891COLWEL) OU1 Decision Document Reclassify as Evaluation well 

(biennial, rather than quarterly) 
51605 (replaces 
1386) SPPTS Sentinel  Reclassify as Evaluation well 

(biennial, rather than semiannual) 
aWell 70299 and well 70099 were both considered for retention or abandonment. The Working Group recommended one be 
retained; well 70299 was ultimately selected. However, subsequent data evaluations indicate well 70099 may respond more quickly 
to changes in water quality, and may be the best candidate for retention; if this is accepted by the regulatory agencies, well 70099 
will be retained and 70299 abandoned (the opposite of what is shown above). 
b(Not discussed during IMP development) SPPMM02 is intended to represent system influent. However, new location SP IN more 
accurately represents this water, as it is the well in which the pump is located. The decision document predates installation of that 
well, and specifies influent sampling at nearby piezometer 71099 (a.k.a. SPPMM02). 
 
OU1 = Operable Unit 1 (881 Hillside); SPPTS = Solar Ponds Plume Treatment System; MSPTS = Mound Site Plume Treatment 
System; ETPTS = East Trenches Plume Treatment System. 
Declassify = remove from routine monitoring and eliminate monitoring requirements, but retain for troubleshooting purposes. 

 
 
3.3 Description of Current Ground Water at the RFS 
 
This section presents a summary evaluation of ground water quality and flow at the RFS during 
2005. Ground water quality is addressed first, followed by interpretations of ground water flow. 
Included in the discussion of water quality are descriptions of the behavior of and any notable 
activities at the ground water treatment systems during 2005. Note that this section omits 
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discussion of the Present Landfill and Original Landfill areas, as they are addressed separately in 
Section 3.4. 
 
3.3.1 Ground Water Quality 

Ground water quality data were obtained for all monitored areas in 2005. In some cases, few 
samples were collected; this is generally due to physical limitations described in Section 3.2 
(e.g., wells not accessible or not yet installed). Analytical data have been published in quarterly 
reports issued for 2005 (K-H 2005d, 2005p; DOE 2006d, 2006e) and will not be duplicated here. 
Appendix B.3 includes the S-K trend plots that were contained within those documents. 
 
In a general sense, ground water quality at the Site was consistent in 2005 with data reported in 
prior years. Most well installations performed in 2005 (and 2004) were replacements of previous 
wells, and these typically produced samples that were consistent with those from the original 
wells.  
 
Ground water plumes that were identified and characterized through the decades of pre-closure 
ground water monitoring at the Site do not appear to have been greatly affected during 2005 by 
the activities related to closure. This is to be expected; additional time will be required for the 
ground water regime to equilibrate to post-closure conditions. 
 
Although obvious, it is worth stressing that the reduction in size and density of the ground water 
monitoring network does not permit the assessment of small-scale changes in plume 
configuration, nor in many other local-scale attributes. This is consistent with the vision and 
design of the closure network, which was never intended to provide the level of detail afforded 
by the extremely dense well network existing in past years (Plate 1). 
 
This section describes the general ground water quality in various areas of interest across the 
Site. Descriptions of activities and conditions in 2005 at the three ground water contaminant 
plume treatment systems are also provided. Refer to previously published quarterly reports 
(K-H 2005d, 2005p; DOE 2006d, 2006e) for any data that may be of special interest. 
 
3.3.1.1 Mound Plume and Treatment System 
 
The Mound Plume is located north of the former 903 Pad. PCE and TCE are the constituents 
with the highest concentrations in this plume, the source of which is a drum storage area (“the 
Mound”) in use in the 1950s. Some of the drums leaked, creating a ground water contaminant 
plume extending northward toward South Walnut Creek. The drums were removed in 1970, and 
contaminated soils were removed in 1997. The following paragraphs describe the plume and 
treatment system installed to address the ground water contamination. 
 
Mound Plume 
 
The Mound Plume is characterized by elevated concentrations of PCE and TCE. The source area 
is very near Oil Burn Pit #2, source of another VOC plume, which is discussed separately below. 
 
The ground water sample collected from Evaluation well 00897 in 2005 contained 
concentrations of VOCs that were generally consistent with previous data, but may be signaling 
the start of modestly decreasing concentrations (Figure 3−2). PCE in this well has ranged 
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11,500 micrograms per liter (µg/L) to 26,000 µg/L from 2000 through 2004; in a sample 
collected in April 2005 it was reported at 9,920 µg/L. Similarly, TCE has ranged from 
1,170 µg/L to 1,800 µg/L over the same period, and in the April 2005 sample it was reported at 
907 µg/L. Cis-1,2-DCE was also reported at the lowest concentration over this period, from a 
range of 47.2−89.1 µg/L (estimated) to 43 µg/L in April 2005. Additional data will be required to 
confirm any decreasing trend, but such a pattern is expected following the source excavation in 
1997. 
 

Mound Plume Evaluation Well 00897
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Figure 3−2. Concentrations of PCE, TCE, and cis-1,2-DCE in Mound Plume Source-Area Evaluation 

Well 00897 
 
 
Downgradient of this source-area well, the plume is monitored by Sentinel well 15699 and 
Decision Document well 3586, but the Mound Site Plume Treatment System (MSPTS) intercept 
trench collects Mound plume ground water and diverts it to the treatment cells upgradient of 
these wells. Results from wells 15699 and 3586 are discussed in the MSPTS section below. 
 
Mound Site Plume Treatment System 
 
The MSPTS was the first ground water intercept/treatment system to incorporate zero-valent iron 
(ZVI) installed at the Site. This work was completed in 1998. Since installation, the treatment 
system has been functioning properly and there has not been a need to replace the ZVI media. 
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The total volume of water treated by the MSPTS during 2005 is estimated at 506,000 gallons. 
This is significantly more than in previous years: During 2003, 82,000 gallons were treated, and 
during 2004, 86,000 gallons were treated.  
 
During March 2005, surface water draining from the 700 Area was temporarily pumped through 
an unlined ditch cut across the ground surface south (upgradient) of the MSPTS intercept trench. 
This flow would have contributed to the flow captured by the MSPTS. More importantly, a 
buried 72 inch storm drain that was present along the west side of the MSPTS from Central 
Avenue to South Walnut Creek was removed in early 2005. This drain routed stormwater to 
Pond B-4 from Portal 1 parking lots and overflow from the Central Avenue Ditch and a ditch 
that originated west of former B559 (a portion of which still exists). The subsurface trench or 
corridor into which this drain was lain represents a potential preferential pathway for 
contaminated ground water from OBP#2 (which is discussed separately below) to South Walnut 
Creek. As a result, following removal of the storm drain, a gravel drain was installed to divert 
ground water flowing in this corridor into the MSPTS intercept trench. The flow data for 2005 
suggest this corridor is still able to transport a significant volume of ground water, and that water 
is being routed into the MSPTS.  
 
It is reasonable to expect that this corridor will act to intercept and transport ground water from a 
smaller area than was drained by the storm drain. That drain captured runoff from impermeable 
surfaces that have been removed, and overflow from ditches that have been removed or 
re-routed. The corridor itself likely served as a pathway for ground water recharged by the Site’s 
water supply and sanitary sewer systems, which have also been eliminated as a source of water. 
Henceforth, the corridor should intercept only naturally-occurring ground water, and depending 
on factors such as the geological materials bounding this corridor and the local hydraulic 
gradients along its path, one can expect much of that ground water to flow along other pathways. 
If so, the ground water intercepted and transported by this corridor should be from a much 
smaller area than that originally affected by the drain and corridor; as the impact of the Site’s 
former water infrastructure diminishes, the volume of water transported by this corridor and 
treated by the MSPTS may be reduced from that in 2005. Alternatively, because flow data 
indicate the increase began in March of 2005 (when the unlined ditch described above was 
operating) and the gravel drain was installed in April, the volume treated by the MSPTS in 2005 
only accounts for 8 to 9 months in which the drain corridor was contributing water to this 
system. Therefore, during a wet year flow rates may actually exceed those of 2005. 
 
Figure 3−3 presents mean daily flow through the MSPTS for 2005. Flow data are plotted on a 
logarithmic scale to highlight the change in flow rates that began in March. The increase in flow 
measured for the whole of 2005 does not appear as one or two distinct events, as might be 
expected from the proposed causes (the 700 Area water and the gravel drain). Instead, the 
increase appears to be more gradual, which may reflect the flow characteristics within the former 
storm drain corridor and gravel drain feeding the MSPTS intercept trench. 
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Hydrograph for Mound: Calendar Year 2005
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Note logarithmic flow scale. 

 
Figure 3−3. Mean Daily Flow through the MSPTS During 2005 

 
 
The roughly half-million gallons of water treated by the MSPTS amounts to a six- to nine-fold 
increase in the average annual flow rates at this system (Table 3−6). 
 

Table 3−6. Average Annual Flow Rate at the MSPS: CY 2002−2005 
 

Year 2002 2003 2004 2005 
Average flow rate, gpm 0.11 0.17 0.16 1.01 

 
 
Flow measurement was not possible for 17 days of the year (see gaps in Figure 3−3). During 
creation of adjacent FC-4 and FC-5, the ground surface was modified and the MSPTS discharge 
was blocked, causing discharged water to back up into the manhole in which the flow is 
measured. 
 
Physical characteristics of the MSPTS media and the effluent water quality data during 2005 
began to show indications that replacement of the media might be needed in the near future. The 
ZVI is raked periodically to break up the oxidized crust, but below that crust the ZVI has become 
solidified. Water levels in the cells during 2005 rose, indicating that the media is becoming 
clogged (typically with calcareous minerals and iron hydroxides/oxyhydroxides). This condition 
reduces the amount of free ZVI available to treat the water, and can result in incomplete 
treatment of the water. The increased volume of influent to the system in 2005 may have 
accelerated clogging of the media. Furthermore, that additional volume would have decreased 
the residence time within the treatment media, potentially contributing to the less-effective 
treatment of contaminants.  
 



 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 3–17 

Some VOCs were detected in MSPTS treated effluent in 2005. The main constituents detected in 
the effluent were PCE, TCE, and cis-1,2-DCE (Table 3−7). Concentrations are relatively low, 
but those for PCE and cis-1,2-DCE in the effluent may be increasing. Refer to the quarterly 
reports for 2005 (K-H 2005d, 2005p; DOE 2006d, 2006e) for additional water quality data from 
the MSPTS. 
 

Table 3−7. Selected VOC Data from MSPTS Influent and Effluent 
 

MSPTS Influent MSPTS Effluent Analyte Sample Date 
Result Lab Qualifier Result Lab Qualifier 

15-May-00 42 D 3   

25-Oct-00 37.3   0.69   

19-Apr-01 38 D 3   

25-Oct-01 23   0.9 J 

25-Apr-02 24   1.8   

21-Oct-02 11.3   1 U 

17-Apr-03 23   4.4   

01-Dec-03 9   1   

09-Jun-04 6.98   1 U 

20-Oct-04 5.59   0.83 J 

21-Jun-05 3.93   2.04   

cis-1,2-DCE (70) 

18-Nov-05 20   6.3   

15-May-00 68 D 1 U 

25-Oct-00 68.7   0.33 J 

19-Apr-01 44 D 1 U 

25-Oct-01 50   1 U 

25-Apr-02 41   1 U 

21-Oct-02 33.6   1 U 

17-Apr-03 31   0.38 J 

01-Dec-03 22.6   1 U 

09-Jun-04 21.5   1 U 

20-Oct-04 25.7   0.72 J 

21-Jun-05 29.1   1.66   

PCE (5) 

18-Nov-05 81   4.5   

15-May-00 87 D 1 U 

25-Oct-00 104   0.5 U 

19-Apr-01 76 D 1 U 

25-Oct-01 74   1 U 

25-Apr-02 76   1 U 

21-Oct-02 46.8   1 U 

17-Apr-03 38   0.31 J 

01-Dec-03 31.4   1 U 

09-Jun-04 28.3   1 U 

20-Oct-04 29.4   2.74   

21-Jun-05 34.9   1.28   

TCE (5) 

18-Nov-05 90   1.6   
Results are in µg/L, and are all assigned validation qualifiers of V or V1 (both indicating the data are valid). Parenthetical 
values represent RFCA action levels in µg/L (CDPHE, DOE, and EPA 2003). Lab qualifiers: D = analysis was performed at a 
dilution; J = result is estimated below the sample quantitation limit; U = analyte not detected. Formal sampling location names 
are Mound R1-0 (influent) and Mound R2-E (effluent). 
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Sentinel well 15699 and Decision Document well 3586 monitor ground water generally 
downgradient of the MSPTS. VOCs were detected in ground water samples from well 15699 
during 2005, and primarily included PCE and its degradation byproducts, TCE, cis-1,2-DCE, and 
1,1-DCE. Conversely, well 3586 reported no such detections. During development of the 2005 
IMP, the Water Working Group recommended well 3586 be abandoned in favor of well 15699, 
which more accurately reflects Mound Plume contamination. However, because the 
corresponding decision document (DOE 1997b) specifies the monitoring of well 3586, this 
change must be made by modifying or subsuming that document. This recommendation is being 
considered as the final regulatory closure documents (the Corrective Action Decision/Record of 
Decision, or CAD/ROD) are developed. 
 
Figure 3−4 displays concentrations of PCE, TCE, cis-1,2-DCE, and 1,1-DCE in samples from 
well 15699. (Refer to quarterly reports, such as K-H 2005d and 2005p; and DOE 2006d and 
2006e, for additional analytical data.) Clearly evident in this figure is the very good correlation 
among concentrations of these constituents, with the relative concentration of each mirroring its 
position and importance in the degradation pathway of PCE. With successive dechlorination, 
PCE is transformed to TCE and then to cis-1,2-DCE and 1,1-DCE (K-H 2004d). With more 
active biodegradation of chlorinated solvents in the Mound Plume, one would expect to see a 
relative increase of daughter products and a corresponding decrease in concentrations of parent 
products. Instead, the lock-step pattern of these constituent concentrations indicates a low rate of 
biodegradation over the time period displayed. This is consistent with conclusions made in 
previous studies of biodegradation in this area (e.g., K-H 2004d). 
 
See Appendix B.3 for S-K trend plots for well 15699. 
 
Two grab samples were collected in 2005 (one each in August and November) at the 
performance monitoring location for the MSPTS, surface water station GS10. Results include 
detections of VOCs, but none exceed the corresponding surface water surface water action 
levels. 1,1-DCA was detected in the August sample at an estimated (J-qualified) concentration of 
0.52 µg/L (the action level is 3,650 µg/L), and cis-1,2-DCE was detected in both samples, at 
1.2 µg/L in August and 1.6 µg/L in November (the action level is 70 µg/L). Collection of 
samples for the analysis of VOCs is new as of 2005 at this location. As additional data are 
available, it will be possible to calculate trends of any VOCs that may be consistently detected at 
GS10. 
 
Although water quality at the performance monitoring location for this treatment system remains 
acceptable, the media in the MSPTS will be replaced in 2006 to address the flow and 
contaminant conditions described above. 
 
3.3.1.2 East Trenches Plume Treatment System 
 
The East Trenches Plume is an area of contamination named after several disposal trenches that 
contribute VOCs to ground water. These trenches are located on the pediment south of South 
Walnut Creek, in former OU2. The source of this plume is trenches T-3 and T-4, which were 
remediated in 1996. A portion of the 903 Pad Plume flows toward the northeast and joins the 
East Trenches Plume. The following paragraphs describe the plume and treatment system 
installed to address this contamination. 
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Primary VOCs in Sentinel Well 15699
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RFCA surface water action levels for these constituents (µg/L; CDPHE, DOE, and EPA 2003): PCE, 5; TCE, 5; cis-1,2-DCE, 70; and 
1,1-DCE, 7. 
Note the logarithmic concentration scale. 
Point with white center is U-qualified 

 
Figure 3−4. Graph of VOC Results for the Most Prevalent VOCs Reported in Samples from Sentinel 

Well 15699 
 
 
East Trenches Plume 
 
Evaluation wells 3687 and 05691 monitor the source areas of the East Trenches Plume, trenches 
T-3 and T-4, respectively. More distal portions of the plume are monitored by Evaluation well 
03991 and Sentinel well 04091 to the east-northeast, and Area of Concern (AOC) well 00997 at 
the mouth of Pond B-5 in the South Walnut Creek drainage. Sentinel wells 95099, 95199, 95299, 
23296, and TH046991 monitor the East Trenches Plume Treatment System (ETPTS), which was 
installed to collect and treat contaminated ground water of the East Trenches Plume as it 
migrates toward the B-Ponds and South Walnut Creek. 
 
Source-area Evaluation wells 3687 and 05691 produce samples with elevated concentrations of 
VOCs of the PCE and carbon tetrachloride families. The VOC present in the highest 
concentrations in ground water samples from well 3687 is TCE, while samples from 05691 are 
highest in carbon tetrachloride. Figure 3−5 provides a summary display of the most prevalent 
VOCs in these two wells, using a logarithmic concentration scale to better illustrate results for 
lower-concentration constituents. 
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VOCs in East Trenches Plume Source Area Wells
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CT = carbon tetrachloride; CF = chloroform; c12DCE = cis-1,2-DCE. U-qual refers to results to which a laboratory qualifier of “U” is 
attached, signifying the analyte was not detected at the reported detection limit. 
Note logarithmic scale for concentrations. 

 
Figure 3−5. Primary VOCs in Samples from East Trenches Plume Source-Area Evaluation Wells 3687 

and 05691 
 
 
As indicated by Figure 3−5 above, concentrations of VOCs in samples from well 3687 do not 
appear to be changing appreciably, while concentrations in well 05691 may be exhibiting a 
modest decrease. Apparent decreases or increases in concentrations will be evaluated as more 
data are available. 
 
Wells monitoring the downgradient portion and edges of the East Trenches Plume will be 
discussed in the ETPTS section below. 
 
East Trenches Plume Treatment System 
 
The ETPTS was installed in 1999. Its design is very similar to that of the MSPTS. However, the 
intercept trench for the ETPTS is 1,200 feet long, compared to the 220 foot long MSPTS trench. 
The longer trench is required to intercept the broader East Trenches Plume as it flows toward 
South Walnut Creek and the B-Ponds. 
 
The ETPTS treated 1.8 million gallons of water in 2005. This is consistent with recent years; in 
2003, 2.1 million gallons were treated, and in 2004, 1.5 million gallons were treated. Average 
annual flow rates at the ETPTS for recent years are shown below (Table 3−8). 
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Table 3−8. Average Annual Flow Rate at the ETPTS: CY 2002−2005 

 
Year 2002 2003 2004 2005 

Average flow rate, gpm 2.09 4.22 2.85 3.37 

 
 
For the first several years following its installation, the ETPTS functioned well. However, 
frequent non-routine maintenance (including media replacement) has been required beginning in 
2003. The media in both cells was replaced in September−October 2003, was partially replaced 
in both cells in May 2004, and was partially removed in December 2004. Other non-routine 
maintenance work at the ETPTS in recent years has included using heavy equipment to break up 
the crusted iron. 
 
The ETPTS continued to require non-routine maintenance activities in 2005, in addition to 
routine monitoring and maintenance. The treatment system plumbing received minor upgrades in 
March 2005, as downspouts were added to the influent lines on both cells to reduce exposure of 
the collected water to air. This was intended to reduce the amount of iron 
hydroxide/oxyhydroxide crusting taking place within the media. By reducing the amount of 
oxygen in the influent water, the potential for crusting should likewise be reduced. 
 
On May 23, the iron media in the western (upgradient) cell was treated with 30 percent (by 
weight) hydrochloric acid to dissolve the crust and restore flow through the media. A total of 
24 gallons of this acid solution were added in four batches of 6 gallons each. The solution was 
removed from the cell on May 31 and the cell was put back online.  
 
While acid treatment restored flow through the media, in June it was observed that flow through 
the media in the western cell had again been reduced. (Flow through the east cell remained 
normal.) Attempts to manually perforate the media were not effective, and on June 30 heavy 
equipment was used to perforate the media crust and restore flow. 
 
As Site closure neared, it became apparent that complete media replacement was required at the 
ETPTS. The media was removed from both cells. The inlet plumbing was disinfected from the 
collection sump through the western cell with a chlorine bleach solution. Remaining pipes were 
swabbed out with chlorine bleach, and the interiors of the cells were sprayed with diluted 
chlorine bleach. Following thorough disinfection and confirmation that no residual chlorine was 
present in the system, the western cell was filled with a coarser (Peerless brand) iron media. The 
eastern cell received finer (Connelly) iron with a 2-foot layer of Peerless iron at the top. The 
uppermost portion of the iron in both cells was mixed with gravel to reduce crusting and enhance 
flow. Gas vents were added to both cells. 
 
On October 12, 2005, a broken pipe was repaired. The damage had occurred during routine 
maintenance of the system the day before.  
 
Prior to gaining control of the ETPTS, DOE-LM began assessing data needs that would be able 
to support consideration of potential system improvements. A range of water quality and 
physical parameters (pH, oxygen, water pressure, flow rate, and water level) and locations at 
which to measure them were identified. Figure 3−6 shows a schematic of the instrumentation 
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installed in early 2006 to assist the evaluation of conditions within the various components of 
this system. Resulting data should support identification of appropriate enhancements and 
upgrades to improve the performance of this system. 
 

 
 

Figure 3−6, Schematic of ETPTS Monitoring and Maintenance Upgrades 
 
 
In addition to the instrumentation upgrades shown in Figure 3−6, the plumbing at the treatment 
cells was upgraded to afford an upflow condition within each cell (i.e., such that the influent 
water would move upward through the media and exit at the top of the cell, rather than moving 
downward through the media). Flow direction was not changed, but this configuration may be 
used in the future if there are indications that it would extend the life of the media and/or 
enhance treatment of the water. 
 
Table 3−9 provides summary VOC data from the ETPTS; refer to quarterly reports 
(e.g., K-H 2005d, 2005p; DOE 2006d, 2006e) for additional data. 
 

Table 3−9. Summary of Recent VOC Data from ETPTS Influent and Effluent
 

ETPTS Influent ETPTS Effluent 
Analyte Sample 

Date Result Lab 
Qualifier 

Validation 
Qualifier Sample Date Result Lab 

Qualifier 
Validation 
Qualifier 

28-Jan-04 5  V1 28-Jan-04 1 U V1 

25-Feb-04 4.8 J V1 25-Feb-04 1 U V1 

22-Mar-04 4.8 J V1 22-Mar-04 1 U V1 

26-May-04 2.93  V 26-May-04 1 U V 

22-Jun-04 3.2 J V1 22-Jun-04 1 U V1 

29-Jul-04 3.3  V 29-Jul-04 1 U V 

19-Aug-04 1.6  V1 19-Aug-04 1 U V1 

20-Oct-04 4.21  V1 20-Oct-04 1 U V1 

12-May-05 5.09  V 12-May-05 1.59  V 

07-Jun-05 5.1 J V 07-Jun-05 1.1  V 

1,1-DCE (7) 

02-Nov-05 50 U V 02-Nov-05 1.6  V 

 F 
pH 
P 

 

Explanation 
Flow direction as indicated; for simplicity, the various configurations available (upflow, 
downflow, cell bypasses) are not shown. Monitoring additions shown in blue. 
 In-line instrumentation:   In-cell instrumentation: 
 F = flow     WL = water level 
 pH = standard pH    O2 = oxygen 
 P = pressure 

Cell 1 
Discharge Flow from 

collection trench 

WL 
(in coll. trench manhole) 

 
Cell 2 

WL 
O2 

F 
pH 
P 



 
Table 3−9 (continued). Summary of Recent VOC Data from ETPTS Influent and Effluent 
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ETPTS Influent ETPTS Effluent 
Analyte Sample 

Date Result Lab 
Qualifier 

Validation 
Qualifier Sample Date Result Lab 

Qualifier 
Validation 
Qualifier 

28-Jan-04 130  V1 28-Jan-04 1 U V1 

25-Feb-04 150  V1 25-Feb-04 1 U V1 

22-Mar-04 180  V1 22-Mar-04 1 U V1 

26-May-04 216  V 26-May-04 1 U V 

22-Jun-04 130  V1 22-Jun-04 1 U V1 

29-Jul-04 142 D V 29-Jul-04 1 U V 

19-Aug-04 68.1  V1 19-Aug-04 1 U V1 

20-Oct-04 160  V1 20-Oct-04 1 U V1 

12-May-05 131  V 12-May-05 1 U V 

07-Jun-05 160  V 07-Jun-05 1 U V 

Carbon 
tetrachloride 
(5) 

02-Nov-05 151  V 02-Nov-05 1 U V 

28-Jan-04 71  V1 28-Jan-04 1.1  V1 

25-Feb-04 71  V1 25-Feb-04 1.4  V1 

22-Mar-04 71  V1 22-Mar-04 1  V1 

26-May-04 65.1  V 26-May-04 1 U V 

22-Jun-04 59  V1 22-Jun-04 1 U V1 

29-Jul-04 54.1  V 29-Jul-04 1 U V 

19-Aug-04 26.6  V1 19-Aug-04 1 U V1 

20-Oct-04 72.9  V1 20-Oct-04 2.56  V1 

12-May-05 66  V 12-May-05 22.2  V 

07-Jun-05 81  V 07-Jun-05 30  V 

Chloroform 
(5.7) 

02-Nov-05 74.8  V 02-Nov-05 0.73 J V 

28-Jan-04 40  V1 28-Jan-04 9.5  V1 

25-Feb-04 40  V1 25-Feb-04 10  V1 

22-Mar-04 39  V1 22-Mar-04 9.7  V1 

26-May-04 28  V 26-May-04 11.5  V 

22-Jun-04 29  V1 22-Jun-04 8  V1 

29-Jul-04 29.4  V 29-Jul-04 7.7  V 

19-Aug-04 13.3  V1 19-Aug-04 7.4  V1 

20-Oct-04 32.6  V1 20-Oct-04 11.3  V1 

12-May-05 30.4  V 12-May-05 36.4  V 

07-Jun-05 33  V 07-Jun-05 44  V 

cis-1,2-DCE 
(70) 

02-Nov-05 50.7  V 02-Nov-05 39.6  V 

28-Jan-04 5 U V1 28-Jan-04 20  V1 

25-Feb-04 2.7 JB JB1 25-Feb-04 19 B V1 

22-Mar-04 2.6 JB U1 22-Mar-04 21  V1 

26-May-04 1 U V 26-May-04 17  V 

22-Jun-04 6.7 JB V1 22-Jun-04 14 B V1 

29-Jul-04 2.3  V 29-Jul-04 14.1 B U 

19-Aug-04 1 U V1 19-Aug-04 13.7  V1 

20-Oct-04 1 U V1 20-Oct-04 15.6  V1 

12-May-05 1 U V 12-May-05 14.6  V 

07-Jun-05 10 U V 07-Jun-05 22 B V 

Methylene 
chloride (4.7) 

02-Nov-05 250 U V 02-Nov-05 18.2  V 



 
Table 3−9 (continued). Summary of Recent VOC Data from ETPTS Influent and Effluent 
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ETPTS Influent ETPTS Effluent 
Analyte Sample 

Date Result Lab 
Qualifier 

Validation 
Qualifier Sample Date Result Lab 

Qualifier 
Validation 
Qualifier 

28-Jan-04 290  V1 28-Jan-04 0.93 J V1 

25-Feb-04 270  V1 25-Feb-04 1.1  V1 

22-Mar-04 270  V1 22-Mar-04 1.2  V1 

26-May-04 618 D V 26-May-04 3.38  V 

22-Jun-04 240  V1 22-Jun-04 1.9  V1 

29-Jul-04 354 D V 29-Jul-04 1.8  V 

19-Aug-04 137 D V1 19-Aug-04 1.2  V1 

20-Oct-04 230 D V1 20-Oct-04 2.13  V1 

12-May-05 256 D V 12-May-05 21.9  V 

07-Jun-05 340  V 07-Jun-05 36  V 

PCE (5) 

02-Nov-05 350  V 02-Nov-05 1 U V 

28-Jan-04 2,300  V1 28-Jan-04 1.8  V1 

25-Feb-04 2,400  V1 25-Feb-04 2.5  V1 

22-Mar-04 2,400  V1 22-Mar-04 1.8  V1 

26-May-04 5,510 D V 26-May-04 6.36  V 

22-Jun-04 1,900  V1 22-Jun-04 1.8  V1 

29-Jul-04 1,960 D V 29-Jul-04 0.69 J V 

19-Aug-04 774 D V1 19-Aug-04 0.55 J V1 

20-Oct-04 1,170 D V1 20-Oct-04 1.91  V1 

12-May-05 2,280 D V 12-May-05 33.1  V 

07-Jun-05 3,300  V 07-Jun-05 66  V 

TCE (5) 

02-Nov-05 2,500  V 02-Nov-05 4.4  V 

28-Jan-04 5 U V1 28-Jan-04 1 U V1 

25-Feb-04 10 U V1 25-Feb-04 1 U V1 

22-Mar-04 6.7 U V1 22-Mar-04 0.39 J V1 

26-May-04 1 U V 26-May-04 1 U V 

22-Jun-04 10 U V1 22-Jun-04 1 U V1 

29-Jul-04 1 U V 29-Jul-04 1 U V 

19-Aug-04 1 U V1 19-Aug-04 1 U V1 

20-Oct-04 1 U V1 20-Oct-04 1 U V1 

12-May-05 1 U V 12-May-05 1 U V 

07-Jun-05 10 U V 07-Jun-05 1 U V 

Vinyl 
chloride (2) 

02-Nov-05 50 U V 02-Nov-05 1.2  V 

Results are in µg/L. Parenthetical values represent RFCA action levels in µg/L (CDPHE, DOE, and EPA 2003). Lab qualifiers: 
D = analysis was performed at a dilution; J = result is estimated below the sample quantitation limit; U = analyte not detected; 
B = analyte was detected in the sample and method blank. 
Validation qualifiers: V, V1 = valid data; J, J1 = estimated result; JB, JB1 = result is less than required detection limit, and is 
estimated due to blank contamination; U, U1 = result considered non-detect. Formal sampling location names are ET Influent 
(influent) and ET Effluent (effluent). 

 
 
As shown in Table 3−9, the ETPTS continues to remove ground water contaminants to levels 
that are near or below RFCA action levels. 
 
Monitoring wells supporting the ETPTS include Sentinel wells 23296, 95099, 95199, 95299, and 
TH046992. The performance monitoring location for this system is POM2, which is located in 
Pond B-4. 
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Analytical data for these wells in 2005 were generally consistent with those from recent years. 
(Well TH046992 is represented by few data, as it was added to the network in 2005.) A ground 
water sample collected in November 2005 from well 23296 reported a concentration of 
cis-1,2-DCE of 209 µg/L (the previous high was 162 µg/L a year earlier), while concentrations of 
PCE and TCE decreased somewhat but were still within the ranges of recent years. 
Concentrations of these analytes in samples collected from the other wells were not notably 
different from results reported in previous years. See Appendix B.3 for S-K trend plots 
constructed for wells supporting the ETPTS. 
 
Grab samples were collected from POM2 in August and November 2005. These represent the 
first samples collected from this location, which was established in 2005. No VOCs were 
detected in either sample. 
 
The ETPTS will continue to be monitored closely in 2006, and the supporting wells will be 
monitored in accordance with the IMP. 
 
3.3.1.3 Solar Evaporation Ponds Plume and Treatment System 
 
The Solar Evaporation Pond (SEP) ground water plume is an area of elevated nitrate and 
uranium concentrations. The former SEPs, which were located on the pediment in the 
northeastern portion of the former IA, were the source of this contamination. Liquid wastes 
generated during production were stored in these ponds. Leaks that occurred over the years leaks 
created the ground water plume. The following paragraphs describe the plume and treatment 
system installed to address this contamination. 
 
SEP Plume 
 
Ground water in the SEP area is contaminated with nitrate and uranium. The westernmost 
portion of this area, generally coinciding with the location of former Pond 207-C, also is 
contaminated with VOCs. (Note: The analytical data report concentrations of nitrate/nitrite as N; 
this is referred to herein simply as nitrate.) 
 
Concentrations of nitrate in the main body of the plume issuing from the former SEP area in 
2005 were sharply different from previous results. Concentrations decreased from two to four 
orders of magnitude or more. For example, a ground water sample collected from well 79402 on 
April 19, 2004, was reported to contain 2,410 mg/L nitrate, which is somewhat lower than but 
generally consistent with historical results; analytical results for the sample collected 1 year later, 
on April 19, 2005, showed nitrate to be undetected at a detection limit of 0.003 mg/L. (This 
reflects a decrease in concentration of at least seven orders of magnitude.) April 2005 data for 
samples collected from the other wells in the main body of this plume also show sharp reductions 
in nitrate concentration. Figure 3−7 provides summary nitrate data for recent years for ground 
water samples from the Evaluation wells surrounding the SEPs. Data from Sentinel well 
P210089, located downgradient of the SEPs between the SEPs and the SPPTS, are also included. 
(Nitrate data from Evaluation well 00203 is omitted from this display because of its consistently 
low concentrations below 4 mg/L.) 
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Nitrate in SEP Source Area Evaluation Wells and Downgradient Sentinel Well
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Several results in April 2005 are U-qualified (non-detects). 

 
Figure 3−7. Concentrations of Nitrate/Nitrite as N in Ground Water Samples from Evaluation Wells 

Surrounding the Former SEPs and a Downgradient Sentinel Well 
 
 
Concentrations of nitrate in ground water from the southeastern corner of the SEPs (Evaluation 
well 79502) do not appear to show the same pattern, remaining relatively consistent from 2004 to 
2005 (189 mg/L to 162 mg/L). Concentrations of nitrate along the southeastern side of the SEPs 
have generally been lower than those along the northern side, particularly the northeastern 
corner, as shown in Figure 3−7. Even so, the nitrate concentration reported for the April 2005 
sample from Evaluation well 79605 represents a decrease of two orders of magnitude relative to 
the April 2004 result from its predecessor, well P207989 (0.0372 mg/L vs. 5.25 mg/L). 
Concentrations of nitrate in samples from Sentinel well P210089 show a more believable 
decrease from November 2004 to December 2005, from 225 mg/L to 54 mg/L. 
 
Nitrate behaves fairly conservatively⎯it flows readily with ground water, and is not attenuated 
as much as many other constituents. In addition, the contaminant source has been eliminated and 
vegetation has been established, both of which would act to reduce residual concentrations of 
nitrate. However, the behavior exhibited in Figure 3−7 is unexpected. The data from April 2005 
were validated in 2005. Those results from Evaluation wells 79102, 79202, 79302, 79402, and 
P208989 were re-validated during the preparation of this report. All results appear valid, but due 
to the unexpectedly sharp decrease in concentrations, they should be viewed as suspect. These 
wells will be sampled again in the second quarter of 2006, generating new data that should help 
to resolve this issue. 
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In contrast to those for nitrate, uranium concentrations at the SEPs are generally consistent with 
past years. Figure 3−8 provides a similar display of results for total uranium. Concentrations 
remain relatively consistent. The only exception is Evaluation well P207989 and its replacement 
well 79605: The former well produced ground water samples with concentrations of uranium in 
the range of 67.1 µg/L (B-qualified, indicating the activity in the method blank exceeded the 
minimal detectable activity) to 81.1 µg/L. The single result for the replacement well, from a 
sample collected on June 29, 2005, was reported at 684 µg/L total uranium. (Well P207989 was 
inadvertently destroyed during closure of the Site, necessitating its replacement.) The 
replacement well is about 5 feet from the original well and is just over 5 feet deeper and with a 
longer screen. These may account for the difference in uranium concentrations.  
 

Total Uranium in SEP Source Area Wells
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Figure 3−8. Concentrations of Total Uranium in Ground Water Samples from Evaluation Wells 
Surrounding the Former SEPs and a Downgradient Sentinel Well (P210089) 

 
 
The main constituents of the VOC plume in the western SEP area are carbon tetrachloride and 
TCE, with lesser concentrations of their daughter products (primarily chloroform and 
cis-1,2-DCE) and PCE. The highest concentrations of carbon tetrachloride and TCE are present 
in samples from well P210189. The location of wells 79102 and 79202 were selected in part to 
monitor for VOCs from this plume. Concentrations of these constituents in samples collected 
from these wells during 2005 are consistent with those reported in previous years’ samples. 
Downgradient Evaluation well 22298/22205 (original/replacement well identifications) reported 
no detections of these constituents except for low detections in 2003 of PCE (2.17 µg/L) and 
TCE (30.4 µg/L) that were not confirmed in subsequent samples. Downgradient Sentinel well 
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P210089 shows no detections of these constituents. Figure 3−9 summarizes concentrations of the 
major constituents of this plume. PCE is omitted because detections have been under 10 µg/L. A 
logarithmic scale is used for concentrations to better illustrate the data for lower-concentration 
constituents. 
 

Carbon Tetrachloride, TCE, and Chloroform in SEP-Area VOC Plume
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Note logarithmic concentration scale. 
 
Figure 3−9. Concentrations of Carbon Tetrachloride (CT), TCE, and Chloroform (CF) in Evaluation Wells 

P210189 (Source Area) and 79102 and 79202 (Downgradient of Source Area) 
 
 
As shown in Figure 3−9 above, concentrations of VOCs in this plume have not changed 
substantially over the past several years. This plume will continue to be monitored to assess how 
Site closure affects VOCs of the plume. 
 
SPPTS 
 
Like the ETPTS, the SPPTS was installed in 1999. In basic design terms, the system is much like 
the MSPTS and ETPTS, with an intercept trench (1,100 feet long) and two treatment cells. 
However, unlike the ETPTS and MSPTS, this system is designed to treat water with elevated 
concentrations of nitrate and uranium. As such, the treatment media in the SPPTS differs from 
that in the VOC-treating MSPTS and ETPTS. The treatment media in the SPPTS consists of ZVI 
and organic material⎯wood chips and leaf mulch.  
 
Another difference between the SPPTS and the other two systems is that the water collected in 
the intercept trench is pumped into the treatment cells. This is accomplished via a solar-charged, 
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battery-powered pump system. This component of the SPPTS, together with the collection well 
(or “sump”) that houses the pump and is installed within the trench, was added in 2002. The 
system was initially designed to take advantage of gravity by placing the treatment cells near the 
bottom of the North Walnut Creek drainage, and routing intercepted ground water down the hill 
from the intercept trench to those cells. Concerns about Prebles Meadow Jumping Mouse habitat 
in this area of North Walnut Creek caused the cells to be relocated and placed adjacent to the 
intercept trench. This required water to accumulate in the intercept trench to a depth of about 
11 feet before it would flow into the higher-elevation treatment cells. Such a configuration was 
found to be unrealistic, and the pump system was installed in September−October 2002. 
 
The SPPTS treated approximately 140,000 gallons in 2005. This is lower than, but still generally 
consistent with volumes treated since the system was modified with the addition of the pump. In 
2003, the system treated 340,000 gallons, and in 2004 it treated 230,000 gallons. Average annual 
flow rates are presented below (Table 3−10), and include 2002, the (drought) year in which the 
pump was added. 
 

Table 3−10. Average Annual Flow Rate at the SPPTS: CY 2002−2005 
 

Year 2002 2003 2004 2005 
Average flow rate, gpm 0.01 0.64 0.44 0.27 

 
 
The decreasing flow rates observed at the SPPTS since 2003 are likely influenced by the 
elimination of the SEPs, which had held and leaked water for decades until being demolished 
that year. Additional years’ data will be needed to confirm the extent to which the SEPs 
influenced the flow rates, as the flow regime equilibrates with recharge from direct precipitation 
rather than artificial sources such as the SEPs and other former Site systems. 
 
The SPPTS began to display troubling behavior in the spring of 2005. In May, workers noted 
that water levels within the intercept trench (specifically, at the collection well and nearby 
piezometer 71099, the latter of which is sampled as SPPTS influent location SPPMM02) were 
too high, even though the pump was operating properly. Water levels within the treatment 
system were also found to be higher than normal. It was concluded that fine organic matter from 
the western (upgradient) cell had plugged up the media in the eastern (downgradient) cell, 
causing the water in the western cell to back up.  
 
To address this condition, two steps were taken: First, the valves were reconfigured to bypass the 
eastern cell. As a result, the discharge volume increased dramatically, further substantiating the 
premise that the eastern cell had plugged up. The quality of this discharged water was good, as 
its residence time within the system was longer than normal. However, within a few days after 
the valve change, concentrations of the AOIs⎯uranium and nitrate⎯increased. 
 
The second step was taken in September, when the media in the eastern cell was replaced. This 
activity revealed that although the iron in the eastern cell did not appear to be at the end of its 
usable treatment life, the media was plugged with fine particles of wood derived from the 
western cell. The media was replaced with coarser iron mixed with gravel to reduce the potential 
for repeated plugging. 
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Water quality data collected following the media replacement indicate the uranium 
concentrations have been reduced to acceptable levels, similar to those reported prior to 
May 2005. Nitrate concentrations, however, remained high through the rest of the year 
(Figure 3−10). This condition has been a subject of intense focus and will be addressed in 2006, 
as the valve access is restored, valve configurations are assessed, and (if necessary, based on 
results of additional investigations) media or system replacement or augmentation are 
considered.  
 

Recent Nitrate Data from SPPTS Monitoring Locations
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Figure 3−10. Recent Nitrate Data from SPPTS Monitoring Locations SPPMM02 (Traditionally Considered 

Representative of System Influent), SPPMM01 (Effluent), and SPP Discharge Gallery 
 
 
Table 3−11 provides summary nitrate and uranium data from the SPPTS. Included are data from 
the influent sampling location (SPPMM02), the effluent sampling location (SPPMM01); and the 
discharge location (SPP Discharge Gallery). The Discharge Gallery typically produces samples 
containing higher concentrations of nitrate than the untreated influent. This behavior continued 
in 2005. Along with the water treatment difficulties discussed above, additional water treatment 
measures that may be appropriate at this location will be investigated in 2006. [It should be 
stressed that SPPMM02, also referred to as piezometer 71099, is not the true system influent; 
actual system influent may be collected from the collection well installed in 2002. This post-
dated the decision document for this system, issued in 1999 (DOE 1999b). As noted above, the 
formal sampling location for the influent to this system should be changed to this collection well 
(currently referred to as SP IN) via the final Site regulatory closure documents.] 



 

 

 

Table 3−11. Summary of Recent Nitrate (mg/L) and Uranium (total, µg/L; isotopic, pCi/L) Data from SPPTS “Influent” (SPPMM02), Effluent 
(SPPMM01), and SPPTS Discharge Water (SPP Discharge Gallery) 

 
SPPTS “Influent” SPPTS Effluent SPPTS Discharge 

Analyte Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

23-Jan-04 200  V1 23-Jan-04 0.05 U V1 23-Jan-04 380  V1 

26-Feb-04 210  V1 26-Feb-04 0.05 U V1 26-Feb-04 220  V1 

31-Mar-04 180  V1 31-Mar-04 0.031 B V1 31-Mar-04 290  V1 

22-Apr-04 200  V1 22-Apr-04 0.55  V1 22-Apr-04 330  V1 

26-May-04 150  V1 26-May-04 0.05 U V1 26-May-04 330  V1 

25-Jun-04 160  V1 25-Jun-04 0.024 B V1 25-Jun-04 350  V1 

26-Jul-04 120  V1 26-Jul-04 0.026 B V1 26-Jul-04 360  V1 

30-Aug-04 130  V 30-Aug-04 0.032 B V 30-Aug-04 330  V 

27-Sep-04 150  V 27-Sep-04 0.028 B V 27-Sep-04 420  V 

27-Oct-04 75  V1 27-Oct-04 0.2  V1 27-Oct-04 310  V1 

30-Nov-04 150  V1       30-Nov-04 350  V1 

30-Dec-04 150  V1 30-Dec-04 0.14  V1 30-Dec-04 380  V1 

26-Jan-05 210  V1 26-Jan-05 2.3  V1 26-Jan-05 460  V1 

28-Feb-05 220  V1 28-Feb-05 0.13  V1 28-Feb-05 470  V1 

28-Mar-05 240  V1 28-Mar-05 1.3  V1 28-Mar-05 690  V1 

27-Apr-05 230  V1 27-Apr-05 1  V1 27-Apr-05 440  V1 

24-May-05 1.36  V1 24-May-05 1.23  V1 24-May-05 0.435  V1 

15-Jun-05 230  V1 15-Jun-05 130  V1 15-Jun-05 600  V1 

06-Jul-05 230  V1 06-Jul-05 160  V1 06-Jul-05 640  V1 

31-Aug-05 260  V       31-Aug-05 680  V 

Nitrate/ 
nitrite as N 

01-Nov-05 260  V 01-Nov-05 180  V 01-Nov-05 540  V 

U-233,-234 23-Jan-04 16.3  V 23-Jan-04 0.042  V 23-Jan-04 39.6  V 

U-235 23-Jan-04 0.504  V 23-Jan-04 -0.004 U V 23-Jan-04 1.31  V 

U-238 23-Jan-04 10.6  V 23-Jan-04 0.037  V 23-Jan-04 25.8  V 

U-233,-234 26-Feb-04 14.3  V1 26-Feb-04 0.037 U V1 26-Feb-04 35.9  V1 

U-235 26-Feb-04 0.518  V1 26-Feb-04 0.001 U V1 26-Feb-04 1.12  V1 

U-238 26-Feb-04 10.1  V1 26-Feb-04 0.039  V1 26-Feb-04 23.6  V1 

U-233,-234 31-Mar-04 15.5  V1 31-Mar-04 0.05  V1 31-Mar-04 34.9  V1 

U-235 31-Mar-04 0.536  V1 31-Mar-04 0.001 U V1 31-Mar-04 1.14  V1 

U-238 31-Mar-04 10.7  V1 31-Mar-04 0.044  V1 31-Mar-04 22  V1 

U-233,-234 22-Apr-04 15  V1 22-Apr-04 0.049  V1 22-Apr-04 27.7  V1 
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Table 3−11 (continued). Summary of Recent Nitrate (mg/L) and Uranium (total, µg/L; isotopic, pCi/L) Data from SPPTS “Influent” (SPPMM02), 
Effluent (SPPMM01), and SPPTS Discharge Water (SPP Discharge Gallery) 

 
SPPTS “Influent” SPPTS Effluent SPPTS Discharge 

Analyte Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

U-235 22-Apr-04 0.488  V1 22-Apr-04 0.004 U V1 22-Apr-04 0.999  V1 

U-238 22-Apr-04 9.97  V1 22-Apr-04 0.028 U V1 22-Apr-04 18.2  V1 

U-233,-234 26-May-04 14.5  V 26-May-04 0.026  V       

U-235 26-May-04 0.491  V 26-May-04 0.002 U V       

U-238 26-May-04 9.86  V 26-May-04 0.031  V       

U-233,-234 25-Jun-04 14  V1 25-Jun-04 0.011 U V1 25-Jun-04 23.6  V1 

U-235 25-Jun-04 0.48  V1 25-Jun-04 -0.002 U V1 25-Jun-04 0.88  V1 

U-238 25-Jun-04 9.39  V1 25-Jun-04 0.013 U V1 25-Jun-04 15  V1 

U-233,-234 26-Jul-04 13.3  V1 26-Jul-04 0.01 U V1 26-Jul-04 31.8  UJ1 

U-235 26-Jul-04 0.475  V1 26-Jul-04 0.014 U V1 26-Jul-04 1.04  UJ1 

U-238 26-Jul-04 8.63  V1 26-Jul-04 0.012 U V1 26-Jul-04 21.2  UJ1 

U-233,-234 30-Aug-04 14.1  V1 30-Aug-04 0.021 U V1 30-Aug-04 13.6  V1 

U-235 30-Aug-04 0.436  V1 30-Aug-04 0 U V1 30-Aug-04 0.553  V1 

U-238 30-Aug-04 9.64  V1 30-Aug-04 0.006 U V1 30-Aug-04 8.97  V1 

U-233,-234 27-Sep-04 14.5  V1 27-Sep-04 0.039  V1 27-Sep-04 8.69  V1 

U-235 27-Sep-04 0.483  V1 27-Sep-04 -0.004 U V1 27-Sep-04 0.218  V1 

U-238 27-Sep-04 9.41  V1 27-Sep-04 0.031 U V1 27-Sep-04 5.94  V1 

U-233,-234 27-Oct-04 14.6  V1 27-Oct-04 0.049  V1 27-Oct-04 24.1  V1 

U-235 27-Oct-04 0.305  V1 27-Oct-04 0.003 U V1 27-Oct-04 0.895  V1 

U-238 27-Oct-04 9.4  V1 27-Oct-04 0.043  V1 27-Oct-04 16.4  V1 

U-233,-234 30-Nov-04 15.1  V1       30-Nov-04 99.2  V1 

U-235 30-Nov-04 0.543  V1       30-Nov-04 3.14  V1 

U-238 30-Nov-04 10.1  V1       30-Nov-04 65  V1 

U-233,-234 30-Dec-04 16.9  V1 30-Dec-04 0.067  V1 30-Dec-04 31.8  V1 

U-235 30-Dec-04 0.627  V1 30-Dec-04 0.003 U V1 30-Dec-04 1.09  V1 

U-238 30-Dec-04 11.3  V1 30-Dec-04 0.038 U V1 30-Dec-04 21.2  V1 

U-233,-234 26-Jan-05 16.1  V1 26-Jan-05 0.132  V1 26-Jan-05 48.7  J1 
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Table 3−11 (continued). Summary of Recent Nitrate (mg/L) and Uranium (total, µg/L; isotopic, pCi/L) Data from SPPTS “Influent” (SPPMM02), 
Effluent (SPPMM01), and SPPTS Discharge Water (SPP Discharge Gallery) 

 
SPPTS “Influent” SPPTS Effluent SPPTS Discharge 

Analyte Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

Sample 
Date Result Lab 

Qualifier 
Validation 
Qualifier 

U-235 26-Jan-05 0.573  V1 26-Jan-05 0.009 U V1 26-Jan-05 1.58  J1 

U-238 26-Jan-05 10.6  V1 26-Jan-05 0.116  V1 26-Jan-05 30  J1 

U-233,-234 28-Feb-05 15.4  V 28-Feb-05 0.094  V 28-Feb-05 31  V 

U-235 28-Feb-05 0.52  V 28-Feb-05 0.009 U V 28-Feb-05 1.09  V 

U-238 28-Feb-05 10.8  V 28-Feb-05 0.062  V 28-Feb-05 18.9  V 

U-233,-234 28-Mar-05 14.1  V1 28-Mar-05 0.112  V1 28-Mar-05 33.6  V1 

U-235 28-Mar-05 0.424  V1 28-Mar-05 0.002 U V1 28-Mar-05 0.952  V1 

U-238 28-Mar-05 9.06  V1 28-Mar-05 0.076  V1 28-Mar-05 20.8  V1 

U-233,-234 27-Apr-05 14.9  V 27-Apr-05 0.047  V 27-Apr-05 35.1  V 

U-235 27-Apr-05 0.437  V 27-Apr-05 -0.004 U V 27-Apr-05 1.19  V 

U-238 27-Apr-05 9.85  V 27-Apr-05 0.041  V 27-Apr-05 21.5  V 

U, TOTAL 24-May-05 39.1  V1 24-May-05 39.1  V1 24-May-05 75.6  V1 

U-233,-234 15-Jun-05 13.6  V1 15-Jun-05 20.8  V1       

U-235 15-Jun-05 0.442  V1 15-Jun-05 0.599  V1       

U-238 15-Jun-05 9.61  V1 15-Jun-05 13.7  V1       

U-233,-234 06-Jul-05 10.7  V1 06-Jul-05 21.8  V1 06-Jul-05 189  V1 

U-235 06-Jul-05 0.398  V1 06-Jul-05 0.697  V1 06-Jul-05 6.99  V1 

U-238 06-Jul-05 6.76  V1 06-Jul-05 13.6  V1 06-Jul-05 115  V1 

U-233,-234 31-Aug-05 13.1  V1       31-Aug-05 44.2  V1 

U-235 31-Aug-05 0.4  V1       31-Aug-05 1.71  V1 

U-238 31-Aug-05 8.41  V1       31-Aug-05 27.1  V1 

U-233,-234 01-Nov-05 18.5  V 01-Nov-05 0.196  V 01-Nov-05 31.3  V 

U-235 01-Nov-05 0.641  V 01-Nov-05 0.009 U V 01-Nov-05 1.07  V 

U-238 01-Nov-05 11.6  V 01-Nov-05 0.135  V 01-Nov-05 18.6  V 

Lab Qualifiers: U = analyte not detected; B = analyte was detected in the sample and method blank. Validation qualifiers: V, V1 = valid data; J, J1 = estimated result; U, U1 = result 
considered non-detect; UJ, UJ1 = result is estimated non-detect. 
Corresponding RFCA action level for nitrate in surface water is 100 mg/L (CDPHE, DOE, and EPA 2003); the IMP threshold for total uranium is 120 µg/L (K-H 2005f). Total uranium 
concentrations can be estimated from isotopic uranium data: for simplicity, assume a natural isotopic distribution, sum the three isotopic results for a given date at a selected location, 
and divide that total by 0.686 to get an estimated total uranium concentration in µg/L. 
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Monitoring wells supporting the SPPTS include Sentinel wells P210089, 70299, and 51605 (the 
latter of which replaces 1386); Evaluation well B210489; and Decision Document wells 70099 
and 1786. These are not all defined in the decision document for the SPPTS (DOE 1999b), but 
are all in the general vicinity of the SPPTS or its outfall location and are therefore discussed 
here. Concentrations of nitrate and uranium in ground water samples collected in 2005 from 
these wells are all generally consistent with previous results.  
 
Well B210489 has not been as actively sampled in recent years as some other wells in this area, 
and is represented in the IMP-specified dataset by samples from March 2002 and June 2005 for 
both analytes, plus two high-resolution ICP/MS analyses in 2000 for uranium. Uranium 
concentrations are consistent among these data, but nitrate data show a sharp discontinuity: from 
245 mg/L in 2002 to 1.25 mg/L in 2005. Given the proximity of well 1786, in which nitrate was 
reported during 2005 at concentrations of 343 mg/L and 412 mg/L in samples collected in May 
and November 2005, respectively, this 2005 result from well B210489 should be viewed as 
suspect. This is true even though the area in which these wells are located was the focus of 
phytoremediation efforts in 2005, as such a dramatic increase at the one well is more than would 
be expected given the limited success of the phytoremediation plantings (see Section 3.5). 
Sampling performed in 2006 should provide a better indication of nitrate concentrations at this 
location. 
 
Water quality at the performance monitoring location for the SPPTS, GS13, remains acceptable. 
Concentrations of uranium are below the threshold in the IMP, and those of nitrate are below the 
Temporary Modification stipulated in the RFCA (CDPHE, DOE, and EPA 2003). Even so, the 
trend of nitrate concentrations at this surface water location is increasing (see S-K trend plot for 
GS13 in Appendix B.3). One likely explanation is that the water exiting the SPPTS at the SPP 
Discharge Gallery began to take a shortcut directly to North Walnut Creek rather than flow along 
its designed path. This condition was corrected in early 2006 by restoring the flow to its intended 
path, and should result in decreasing nitrate concentrations at GS13. 
 
3.3.1.4 Other Plumes 
 
In accordance with the IMP, several other ground water contaminant plumes were monitored 
during 2005. These include the 903 Pad/Ryan’s Pit Plume, the collection of small plumes 
collectively referred to as the IA Plume (and often discussed, as in this report, in terms of the 
South and North IA Plume), the Vinyl Chloride Plume (or OBP#1 Plume) located south of 
former B371, the OBP#2 Plume located immediately west of the Mound Plume, the Individual 
Hazardous Substance Site(s) (IHSS) 118.1 Plume located north-northwest of former B776, the 
PU&D Yard Plume, and the OU1 Plume. 
 
903 Pad/Ryan’s Pit Plume 
 
The 903 Pad/Ryan’s Pit Plume was monitored via several wells distributed within and at the 
margins of the plume. This plume bifurcates, with one portion flowing toward the southeast and 
Woman Creek, and the other flowing toward the northeast and joining the East Trenches Plume. 
The northeastern branch is not discussed here; refer to the text on the East Trenches Plume 
above. 
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Water quality within the southeastern portion of the 903 Pad/Ryan’s Pit Plume appears 
consistent with that reported in previous years. AOC well 10304, located south of the SID and 
just east of Pond C-1, monitors for VOCs that may be reaching the Woman Creek drainage from 
this plume. None of the 903 Pad/Ryan’s Pit Plume VOC constituents were detected; only 
J-qualified detections of 2-ethylhexyl ester acetic acid (5.8 µg/L) and acetone (6.5 µg/L) were 
reported, both in the 4th quarter. Of these, acetone is represented in the RFCA Attachment 5 
(CDPHE, DOE, and EPA 2003) but the action level for surface water is 3,650 µg/L. Because it 
was only detected in one of the samples collected in 2005 and is a common laboratory solvent, 
this detection of acetone may be nonrepresentative of the ground water in this location. If 
present, it could be related to oxidation of humic matter (Hazardous Substances Databank), as 
this well is installed within an area of heavy growth adjacent to a seep. Downgradient Sentinel 
wells 90299 and 90399 both produced samples with VOCs that were consistent with historic 
results. However, the concentration of TCE in 90399 during the 4th quarter of 2005 (320 µg/L) 
was higher than in more recent samples; TCE had been decreasing since late 2000−early 2001, 
with concentrations in 2004 and 2005 somewhat higher. The corresponding S-K trend plot in 
Appendix B.3 illustrates these data. 
 
Within the plume, two events that occurred in 2005 are noteworthy. The first concerns the 
application of Hydrogen Release Compound® (HRC) in the 903 Pad and Ryan’s Pit source areas 
in the summer (K-H 2005k); see Section 3.5 for additional information. The second event 
concerns changes to the monitoring network made in 2005. Evaluation well 90703 was removed 
and Evaluation wells 90804, 90402, and 00191 were added to the network as a part of the 
FY 2005 IMP revisions (K-H 2005f). The latter three wells were added to the network to monitor 
effects of the HRC. Well 90804 is a replacement well for 90803, which failed to fully penetrate a 
slump block and the targeted slide plane beneath. The replacement well produces ample water, 
unlike its predecessor. All three wells were sampled in the first or second quarter of 2005, and 
produced samples in 2005 that were consistent with prior data. 
 
Following completion of the remediation of the 903 Pad (in 2003) and Lip area (in 2004), plus 
the application of HRC in source areas of Ryan’s Pit and the 903 Pad, concentrations of VOCs 
may be expected to decrease after a number of years; see Section 3.3.2 for a discussion of 
calculated flow velocities for this area.  
 
IA Plume 
 
The IA Plume is actually a collection of several small VOC plumes grouped together for 
convenience and, in some cases, because of uncertainties regarding specific sources. Due to the 
high level of activity taking place within the IA during 2005, well coverage was incomplete for 
most of the year. 
 
The South IA Plume is monitored by AOC well 11104. This well, sampled during the second and 
fourth quarters of 2005, showed no VOC detections. In addition, concentrations of uranium, 
samples for which are collected because of proximity of the Original Landfill and former B444, 
were well below the uranium threshold in the IMP (K-H 2005f). 
 
Upgradient of well 11104, wells monitoring the South IA Plume include Sentinel wells 11502 
and 40305. Results from well 11502, which was not monitored until late 2004, are insufficient 
for statistical evaluation. However, available analytical data may indicate increasing 
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concentrations of PCE in samples from this well. PCE was undetected in a sampled collected in 
October 2004, but reported at concentrations of 4.31 µg/L in May and 15 µg/L in 
November 2005. Concentrations of daughter products were not detected except for TCE, which 
was reported at an estimated concentration of 0.54 µg/L in the sample collected in 
November 2005. Concentrations of PCE in samples from Evaluation well P416889 (located 
approximately 125 feet west of 11502) are typically in the 40−60 µg/L range, and in a sample 
collected in April 2005 was reported at a concentration of 34 µg/L. Concentrations of VOCs in 
samples from well 40305 are consistent with those reported in samples from its predecessor, 
40399, while those in wells 40005 and 40205 are lower than those in predecessor wells 40099 
and 40299, respectively. Water quality at these wells will continue to be assessed, in accordance 
with the IMP (K-H 2005f), as additional data are obtained. 
 
The North IA Plume is monitored by AOC well 42505. This well was installed in mid-2005, and 
therefore is represented by few data. This well was sampled in the third and fourth quarters of 
2005. No VOCs were detected except for acetone in the fourth quarter (2.9 µg/L), the data for 
which were laboratory-qualified as both estimated and affected by laboratory contamination. 
 
This area is also monitored by numerous other wells (Figure 3−1), though there is a reduced 
amount of data in 2005 due to closure activities. Analyses of samples from well 55901/55905, 
located on the north side of former B559, show an increase in carbon tetrachloride 
concentrations. This compound averaged approximately 57 µg/L in well 55901 through 
January 2005 (highest concentration: 79.8 µg/L), and was reported at an estimated concentration 
(E-qualified) of 120 µg/L in the sample from well 55905 collected in September 2005. 
Concentrations of this constituent in nearby well 56301/56305 (located on the west side of 
former B559) also increased, from an average of approximately 40 µg/L (highest concentration: 
81.8 µg/L) to 136 µg/L over the same period. Other VOCs (such as PCE, TCE, and their 
degradation byproducts) were reported at concentrations that are consistently lower than that of 
carbon tetrachloride, and are either within the range of previously-reported concentrations or 
have increased.  
 
Samples from well 00200/70705, located on the east side of former B707, also show changes in 
water quality. Again, carbon tetrachloride is the VOC showing an increasing concentration. This 
constituent was most often not detected in well 00200 from 2000 through 2003 (highest 
concentration: 1.4 µg/L in November 2000), with reported detection limits generally well under 
1 µg/L. Due to Site closure efforts, well 00200 was not sampled again after 2003. Carbon 
tetrachloride was then reported at a concentration of 163 µg/L in the sample collected from 
replacement well 70705 in September 2005. Other constituents were either not detected or were 
reported at much lower concentrations (under 10 µg/L).  
 
Other wells in the North IA Plume area do not appear to reflect similar changes in water quality, 
based on available data. Collectively, these changes in North IA Plume ground water may 
indicate mobilization of residual contamination that had been stationary due to the presence of 
impermeable surfaces (pavement, buildings) in this area. Removal of those surfaces and 
subsequent direct recharge of the ground water through precipitation (and possibly dust 
suppression water), coupled with the general disturbance and loosening of the ground surface, 
could have begun to mobilize carbon tetrachloride contamination from somewhere in the 
700 Area. Ground water quality in this area will continue to be monitored and assessed in case 
these conditions begin to pose a potential threat to downgradient surface water. 
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Vinyl Chloride Plume 
 
The vinyl chloride plume appears to emanate from OBP#1 and/or metal disposal/ destruction 
sites (former IHSSs 134N and 134S). These source areas are on the margin of a valley that was 
buried during construction of B371; the plume resides within that buried valley. Although vinyl 
chloride was historically detected in many locations at the Site (one study reports vinyl chloride 
was detected in 44 of 620 wells; K-H 2004g), the only location at which it is present in such 
elevated concentrations is this plume. Elevated concentrations of vinyl chloride have been 
reported in Evaluation wells 33502 and 33604 (as well as its predecessor, 33603). The highest 
concentration reported has been 4,190 µg/L (well 33603, December 4, 2003). These two wells 
delineate the source area of this plume. Vinyl chloride is not detected in Sentinel well 33703, 
located just over 100 feet immediately north of well 33604/33603. Well 33502 was one location 
in which strong evidence for biodegradation was found (K-H 2004d), which may explain both 
the high concentrations of vinyl chloride as well as the extremely limited aerial extent over 
which it has been observed.’ 
 
The concentration of vinyl chloride in 33604 in 2005 was the lowest yet observed at this 
location, 412 µg/L on April 20. Vinyl chloride was reported at 207 µg/L in a sample from 
well 33502, consistent with previous results.  
 
Concentrations of vinyl chloride, and other VOCs, will continue to be assessed in this area in 
accordance with the IMP (K-H 2005f). 
 
OBP#2 Plume 
 
OBP#2 was located at the corner of the former Protected Area (PA) fence just west of the Mound 
Site. Because of the security infrastructure, ground water monitoring in this location was not 
feasible until the PA was eliminated. Ground water and soil were subsequently sampled and 
elevated concentrations of VOCs were observed.  
 
Ground water in the source area of OBP#2 was first monitored by well 91103. Due to the 
elevated concentrations of VOCs reported in samples from this well and resulting concerns about 
the integrity of the PVC of which this well was constructed, stainless-steel replacement 
well 91104 was installed 10 feet from the original well.  
 
Elevated concentrations of PCBs were also reported in soil samples. PCBs were then detected in 
ground water samples collected from well 91104 (17.3 µg/L of Arochlor 1254 in a sample 
collected in November 2004, and 4,400 µg/L in a sample collected in January 2005). The 
presence of elevated concentrations of PCBs and VOCs in the soil drove removal of source 
materials in early 2005. 
 
Excavation of the source area required abandonment of well 91104, as it was within the 
excavation boundary. Well 91105 was installed following completion of source removal 
activities, and is located a few feet downgradient of the downgradient edge of the source removal 
excavation, just under 75 feet north-northeast from the location of former well 91104. HRC was 
added to the excavation backfill (K-H 2005b). As a result of the source removal, enhancement of 
biodegradation, and ultimate location of the replacement well, water quality in samples from 
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well 91105 is not expected to closely resemble that in samples from former wells 91103 and 
91104. 
 
Adjacent to the OBP#1 source area was a 72 inch storm drain that potentially acted as a 
preferential pathway to South Walnut Creek. As a part of its removal, a gravel drain was 
installed from the path of this drain to the MSPTS intercept trench to route ground water that 
might be flowing along the drain corridor into the MSPTS (K-H 2005b). 
 
Data for selected VOCs reported in samples from the source area wells (91103 and 91104, 
undifferentiated) are summarized with corresponding data from well 91105 (only one sample 
collected, July 27, 2005) in Table 3−12. (For this purpose, both Real and Field Duplicate 
samples are considered for well 91105; data shown are the greater of the two.) 
 

Table 3−12. Comparison of VOC Concentrations in OBP#2 Source Area, Pre- vs. Post-Remediation 
 

Reported Concentrations, µg/L 

Source Area, Pre-Remediation Analyte 

Range Mean Average 
Post-Remediation (well 91105) 

1,1,1-Trichloroethane 5,530−22,200 10,700 12,478 3,400 

1,1-Dichloroethane 27.8−138 59 74 150 

1,1-Dichloroethene 703−4,200 1,501 2133 290 

Carbon tetrachloride 124−3,080 923 1538 ND (40, 50) 

Chloroform 96.6−261 160 171 340 

Cis-1,2-dichloroethene 3.09−3.28 3.2 3.2 18,000 

Tetrachloroethene 14,800−76,200 30,771 39,480 6,800 

Trichloroethene 8,920−84,800 22,850 37,184 860 

Aroclor-1254 17.3−4,400 276 2,209 ND (0.5) 
ND = not detected at detection limits indicated in parentheses. 
Pre-remediation results are from two wells approximately 10 feet apart within the source area, while post-remediation results are 
from the analysis of one sample from a well located approximately 75 feet downgradient of the pre-remediation wells. 

 
 
The ground water contaminant plume from OBP#2 flows generally northward toward South 
Woman Creek/FC-4. Previous work has shown the majority of this plume is captured by the 
MSPTS intercept trench (K-H 2005a), and this behavior was enhanced by the installation of the 
gravel drain downgradient of the OBP#2 source area (K-H 2005b). For additional discussion of 
this topic, see Section 3.3.1. 
 
Sentinel wells 91203 and 91305 monitor ground water generally downgradient of OBP#2, on the 
opposite (west) side of the former storm drain and gravel drain. This location affords these wells 
the ability to monitor ground water flowing from the vicinity of OBP#2 toward this portion of 
the creek. 
 
Data from these wells show the presence of several VOCs, including carbon tetrachloride, 
chloroform, PCE, and TCE in well 91203, and cis-1,2-DCE and vinyl chloride in well 91305. 
The latter well is a replacement of well 2187. However, because the former location of 2187 
placed it within FC-4, replacement well 91305 was relocated approximately 60 feet south-
southeast. This position places well 91305 on the southern margin of FC-4/South Walnut Creek 
rather than the center of the drainage, as was the case with well 2187, with the apparent result 
being a clear difference in water quality. 
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Figure 3−11 illustrates VOC concentrations in Sentinel wells 91203 and 91305 (well 2187 is 
included for completeness). 
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Well 2187 was replaced by well 91305 in 2005. 
Note logarithmic concentration scale. 

 
Figure 3−11. Concentrations of Selected VOCs in Sentinel Wells 91203 and 2187/91305 

 
 
The results graphed on Figure 3−11 indicate a slight increase in VOC concentrations in the 
samples collected in late June 2005 from both wells. This may be a result of the source removal 
action, which could have caused a transient mobilization of contaminants through the presence of 
the open excavation (which would have caught precipitation and more rapidly recharged the 
ground water), as well as the addition of HRC, which has previously been shown to cause a 
temporary increase in VOC concentrations immediately after its application (K-H 2002b). 
However, even though the source area geology includes an interval of the higher-permeability 
Arapahoe Formation sandstones and the pathway includes fill emplaced during the construction 
of the PA and Perimeter Security Zone, given that the source area excavation was completed 
April 1, 2005, seeing such a rapid response in wells located approximately 90 to 280 feet from 
the excavation (well 91203 and 91305, respectively) is surprising. (See additional discussion on 
this topic with respect to calculated ground water flow velocities below.)  
 
Another factor in this increase could be the March 2005 routing of surface water from pipelines 
draining the 700 Area across the surface via a ditch that traversed the area just upgradient of 
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well 91203. This would have contributed to local recharge and mobilized any VOCs that might 
have been present in this area, possibly resulting in the increasing concentrations of carbon 
tetrachloride, PCE, and TCE seen in the June sample from that well. Similarly, the increasing 
volume of ground water flowing into the MSPTS from the former storm drain, as discussed 
above, would not represent all ground water transported by that corridor: Any ground water 
flowing within the corridor would represent a source of recharge to ground water along the path 
of the corridor, including to the area of the OBP#2 plume and wells 91203 and 91305. As noted 
above, the increasing concentrations apparent on Figure 3−11 for well 91305 may be an artifact 
of the new location of this well compared to its predecessor, 2187, as the late June sampling 
event was the first from the new well. 
 
Samples from Evaluation well 91105 and Sentinel wells 91203 and 91305 will continue to be 
collected and the results assessed in accordance with the IMP (K-H 2005f). 
 
IHSS 118.1 (Carbon Tetrachloride) Plume 
 
The area referred to as the former IHSS 118.1 is the source of a carbon tetrachloride plume. In 
late 2004, the dense, non-aqueous phase liquid source material was removed along with an 
adjacent subsurface tank group referred to as B730. HRC was added to the backfill material to 
enhance the biodegradation of residual contamination. 
 
Evaluation well 18199 is located on the north of the former IHSS, roughly 80−90 feet north-
northwest of the area in which free-phase carbon tetrachloride was present and perhaps 30 feet 
north of the source-removal excavation boundaries. Concentrations of carbon tetrachloride, 
chloroform, chloromethane and other VOCs from this well in June 2005 are similar to those 
collected in prior years. Well 18199, together with wells 20902 and 21002 (neither of which was 
sampled in 2005) to the northwest, and wells 20205, 20505, and 20705 to the north, will continue 
to be monitored and the effects on ground water of the remediation of the source area will 
continue to be assessed. 
 
PU&D Yard Plume 
 
The PU&D Yard Plume is an area of ground water with low concentrations of primarily PCE-
family VOCs. This area was the site of the first HRC application performed at RFS, which took 
the form of a treatability study performed in early 2001 (K-H 2001, 2002b; see K-H 2005a for 
final detailed information from this study). This plume is monitored by Evaluation well 30900 in 
the source area and Sentinel well 30002 to the east, at the margin of North Walnut Creek. In 
addition, Present Landfill Resource Conservation and Recovery Act (RCRA) wells 70393 and 
70693 monitor the northern edge of this plume. 
 
PCE concentrations in samples from well 30900 show some decrease through 2005, though not 
as significant as the sharp decrease apparent during the first 22 months or so following the 
application of HRC (Figure 3−12). Concentrations of TCE, a byproduct of PCE dechlorination, 
have increased somewhat since showing an initial sharp decrease following the application of 
HRC. Concentrations of cis-1,2-DCE continue to increase.  
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VOCs in the PU&D Yard Plume
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Note logarithmic concentration scale. 
Points with white centers are U-qualified. 

 
Figure 3−12. Primary VOCs in the PU&D Yard Plume, as Reflected by their Concentrations in Ground 

Water from Source-Area Well 30900 and Downgradient Wells 70393 and 70693 
 
 
Concentrations of PCE and TCE in ground water samples from downgradient Present Landfill 
RCRA wells 70393 and 70693 do not show the same fluctuations as are evident in samples from 
well 30900 (Figure 3−12). Instead, samples from these RCRA wells continue to show a slight 
decline in concentrations, apparently unaffected by events in the source area of the PU&D Yard 
Plume. Cis-1,2-DCE is rarely detected at these locations, with those few detections qualified as 
estimated and reported at below 1 µg/L. 
 
The data from 2005 indicate PCE is continuing to degrade in the source area. An element of 
seasonality is also suggested, with warmer months producing samples with increased 
concentrations of PCE relative to samples collected in colder months. Dechlorination of 
cis-1,2-DCE results in vinyl chloride and/or 1,2-DCA (K-H 2004d), but with the exception of 
one result of 0.21 µg/L vinyl chloride in July 2001, neither of these constituents have been 
detected in samples collected from well 30900. This suggests either incomplete degradation of 
PCE or an alternative dechlorination pathway.  
 
In addition to the analytes displayed on Figure 3−12, well 30900 reports elevated concentrations 
of two non-chlorinated constituents that are rare or absent in ground water at the Site: Acetone 
(C3H6O) and 2-butanone (a.k.a. methyl ethyl ketone, C4H8O). Figure 3−13 displays these results. 
Both of these chemicals are common laboratory contaminants, but the concentrations reported 
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for ground water samples from well 30900 are far above what would be normal for lab 
contamination of a sample. Both constituents are readily degraded in the environment 
(Hazardous Substances Databank). Neither of these analytes are detected in ground water 
samples from wells 70393 and 70693, but the sample collected from Sentinel well 30002 in 
November 2005 reported acetone at an estimated (J-qualified) concentration of 3.2 µg/L. No 
other VOCs have been detected in ground water samples from well 30002. Despite this well’s 
location downgradient of the PU&D Yard Plume, and even though this result is not qualified 
with a B (indicating laboratory contamination), because acetone is a commonly-used laboratory 
solvent this result should be viewed as suspect until confirmed by additional data. If confirmed, 
acetone in this location could be a result of natural processes, for example through the oxidation 
of humic substances (well 30002 is downgradient of several organic-rich seep areas) and/or as a 
metabolic byproduct of plants and animals (Hazardous Substances Databank).  
 

Unusual VOCs in Ground Water at Well 30900
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Figure 3−13. Concentrations of Acetone and 2-Butanone in Ground Water Samples from Evaluation 

Well 30900 
 
 
OU1 Plume 
 
The OU1 Plume is located on the 881 Hillside, immediately south of the former IA. Its source 
area, former IHSS 119.1, was a drum and scrap metal storage area. This plume continues to be 
monitored according to the OU1 CAD/ROD (DOE 2001), which specifies six wells be 
monitored. Two, Decision Document wells 891COLWEL (now 891WEL) and 0487, are 
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monitored quarterly; the other four (Decision Document wells 4787, 4887, 10992, 11092) are 
monitored semiannually. Through the development of the 2005 IMP (K-H 2005f), the Water 
Working Group recommended this network be revised to include well 891WEL as an Evaluation 
well, and new downgradient well 89104 as an AOC well, with the other five wells abandoned as 
unnecessary. This recommendation is being considered as the final Site ROD is developed. 
 
Concentrations of TCE (the constituent of most interest in this plume) in ground water at the 
OU1 Plume did not change markedly through 2005, ranging from 225−310 µg/L in 891WEL 
(including two results from its predecessor, 891COLWEL), and 49−64.1 µg/L in 0487. TCE was 
not detected in ground water samples from AOC well 89104, nor were any other VOCs. (Refer 
to quarterly reports, such as K-H 2005d and 2005p; and DOE 2006d and 2006e, for additional 
analytical data.) 
 
3.3.2 Ground Water Flow 

This section provides summary discussion of ground water elevation and flow characteristics. 
Ground water elevation data are discussed first, through the construction and interpretation of 
potentiometric surface maps and hydrographs. Ground water flow characteristics are then 
assessed, including calculated flow velocities. 
 
3.3.2.1 Ground Water Elevations 
 
Ground water elevation data were collected at the start of the second and fourth quarters of 2005. 
(Water level data are included in Appendix A.3) These data were plotted and hand-contoured to 
create potentiometric surface maps. Results were reviewed and compared with potentiometric 
surface maps included in the 2003 Annual Report (K-H 2004f) in an attempt to assess whether 
significant changes have occurred in flow direction or velocity.  
 
The potentiometric surface map for the second quarter has been previously published 
(K-H 2005p) but is reproduced here as Figure 3−14 with slight modification. Most of the 
modifications are to the legend and area displayed, to focus on the area represented by data. The 
only substantive change affects the contours west of the MSPTS in the bottom of South Walnut 
Creek/FC-4, where the potentiometric surface contours of the originally-published version failed 
to sufficiently account for the valley topography. The version in this report has been corrected. 
 
The potentiometric surface map for the fourth quarter of 2005 is included as Figure 3−15. Both 
of these maps are based on water level measurements in all wells then scheduled and available 
for measurement. All wells are screened within the UHSU at Rocky Flats, which comprises the 
unconsolidated surficial materials (e.g., Rocky Flats Alluvium, hillslope colluvium, valley-fill 
alluvium, and artificial fill⎯all of which are often loosely referred to as “alluvium”) and 
underlying weathered bedrock (most often the Cretaceous-aged Laramie Formation, but in some 
areas also or instead the Cretaceous-aged Arapahoe Formation). While these two components of 
the UHSU are in hydraulic communication, a well screened entirely within the weathered 
bedrock may reflect slightly different water levels from an adjacent well screened only in the 
alluvium. 
 
Seep areas are also posted on both potentiometric surface maps; these are from the 1995 
Hydrogeologic Characterization Report (EG&G 1995b). As such, given the removal of the water 
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supply system and associated reduction in the amount of water available to the Site, as well as 
the cessation in the 1990s of remaining spray evaporation practices, this depiction of seep areas 
may no longer be accurate. However, it remains the best available map of seeps at the Site. 
 
As is obvious from a comparison of the potentiometric surface maps for 2005 (Figure 3−14 and 
Figure 3−15) against those issued in pre-closure years (e.g., K-H 2004e, 2004f), the level of 
detail afforded by the closure network is sharply reduced relative to the network monitored in 
past years. Previous potentiometric surface maps were based on the data from hundreds of 
monitoring wells across the Site, while those for 2005 are based on many fewer locations 
(86 wells in the second quarter, and 118 in the fourth) focused on the former IA and adjacent 
areas of interest. 
 
Several areas on each map are labeled as unsaturated. Unsaturated areas are evident each year, 
and are reconfigured according to the data for the given year (in this case, CY 2005). These are 
based on wells displaying either dry conditions or containing water below the base of the 
screened interval (a condition that has been historically referred to at RFS as “technically dry,” 
because the water within the casing below the screen is stagnant and may not reflect the actual 
water level). With the reduced well coverage in 2005, some areas previously denoted as 
unsaturated may not be so marked on the current maps. Without any data to support the depiction 
of an area as unsaturated, it is not shown as such. The resulting potentiometric surface map may 
appear to indicate wetter conditions, but changes in well coverage should also be considered 
before reaching forming any conclusions. 
 
It is also important to consider the extent to which a replacement well differs in design and 
construction from the original well. If the original well was very shallow and was often shown as 
dry, but the replacement well is much deeper and is not shown as dry, no conclusion should be 
made as to whether conditions at that location are wetter than in previous years. Core logs and 
well construction diagrams have been issued with previous reports and, for those wells installed 
in 2004 and 2005, are included here as Appendix C. 
 
Unsaturated areas are the result of limited ground water. This condition may be caused by 
reduced recharge from precipitation (i.e., droughts, such as that in 2002) or reductions in the 
contributions from other sources. These may include such sources as dust suppression or 
irrigation water, unlined ditches, and water lines and other subsurface utilities that can leak water 
or convey ground water along their corridors. Changes in the extent of saturation can also come 
about from changes in ground surface configuration (e.g., addition/removal of impervious 
surfaces, modification of surface water runoff). In 2005 at the Site, the main activities affecting 
the ground water regime included the removal and disruption of the water supply and sanitary 
sewer systems and foundation drains; and removal of impervious surfaces such as parking lots, 
roads, and buildings. Application of dust suppression water during demolition activities is also 
expected to have had local effects on ground water.  
 
Precipitation in 2005 was recorded at multiple locations across the Site. Table 3−13 summarizes 
precipitation totals for recent calendar years, and Table 3−14 includes simple statistical 
summaries of these totals. Note that the amount shown for 2003 incorporates March data from 
the Site’s 61-meter meteorology tower, which included a heated precipitation gauge that 
recorded precipitation from the multi-foot March 2003 snowstorm more accurately than the 
unheated gauges operated by the Water Programs Group. See Section 2 of this report for 
additional discussion of precipitation. 
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Figure 3−14. UHSU Potentiometric Contours: Second Quarter 2005 
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Figure 3−15. UHSU Potentiometric Contours: Fourth Quarter 2005 
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Table 3−13. Calendar Year Precipitation Totals at the Site 

 
Calendar Year Average Precipitation (inches) 

1993 12.26 
1994 10.64 
1995 16.50 

1996 12.36 
1997 15.05 
1998 12.86 

1999 14.30 
2000 12.29 
2001 12.76 

2002 7.94 
2003 12.35 
2004 16.91 

2005 11.58 

 
 

Table 3−14 Basic Statistical Treatments of Precipitation Totals at the Site 
 

Period Median Average Geometric Mean 
1993−2005 12.36 12.91 12.69 

1993−2001 12.76 13.22 13.12 
2003−2005 12.35 13.61 13.42 
1993−2005, omitting 2002 12.56 13.32 13.20 

1996−2005 12.56 12.84 12.63 

 
 
Unsaturated areas in 2005 are similar to those depicted in previous years, if well coverage and 
design are taken into account. Unsaturated areas in both the second and fourth quarters of 2005 
include areas of the OU1 Plume and each of the three ground water treatment systems. These 
locations are typically dry; all four are controlled to a large extent by the ground water intercept 
trenches they are installed within or adjacent to. (At the OU1 Plume, it is the defunct French 
drain that is nearby.) An area south of the former 904 Pad is also shown as dry both quarters, as 
are wells immediately east of the East Landfill Pond dam; these are also consistent with 
conditions in previous years. 
 
Unlike most years, when the second quarter is noticeably wetter than the fourth, several 
unsaturated areas are depicted in the second quarter but not the fourth. These include portions of 
the South IA (near former B881, former B664), former IHSS 118.1, and portions of the East 
Trenches Plume area (along the pediment and within the South Walnut Creek drainage). 
Although the second quarter received ample precipitation, it followed a relatively dry first 
quarter (1.14 inches vs. an average of 1.38 inches, using the figures from 1993 through 2005). 
Most importantly, precipitation in the month of March 2005 was about 40 percent below the 
average (0.53 inches vs. an average of 0.86 inches for the period 1993 through 2005). The water 
level measurements on which these potentiometric surface maps are based are performed in the 
first several days of the given quarter; therefore, water level measurements in the second quarter 
immediately followed these dryer conditions, and were not affected by the increased 
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precipitation that occurred later in the second quarter. Dry conditions would have been 
ameliorated to some extent in localized areas by the closure-related application of dust 
suppression water, but that would not have had a Site- or IA-wide effect. Water levels in the 
fourth quarter would tend to reflect the wet August. These factors, combined with changes to the 
Site infrastructure, contributed to the slightly dryer conditions in these locations at the beginning 
of the second quarter compared to the fourth quarter. 
 
Other differences between the two quarters are also evident, but largely reflect changing well 
control. During the second quarter, a number of wells that were to be included in the closure 
network had not yet been installed, and the wells they were to replace had been abandoned, 
resulting in no data for the given location. And, as noted previously, differences in the 
potentiometric surface contours can also be largely attributed to differences in well control. 
 
Hydrographs were prepared and are included in Appendix A.4, and selected hydrographs are 
discussed in this report. Most wells in the ground water monitoring network effective at the end 
of 2005 (K-H 2005f) are represented by hydrographs. Those which are not represented typically 
either have insufficient construction documentation (e.g., details on the screened intervals, as are 
lacking from piezometers installed within the ground water intercept trenches), or are 
represented by only one data point. The hydrographs combine original and replacement wells 
under the assumption that the corresponding data are continuous. (As additional data are 
collected, this may prove to be a faulty assumption at some locations, and the corresponding 
water level data will no longer be pooled.) Differences in well construction and geology from 
original to replacement wells are evident on the hydrographs. Regarding geological differences, 
it is important to note that in some locations the bedrock contact is exceptionally subtle, which 
can lead to the selection of different depths for this contact. 
 
Water level data used for the hydrographs (Appendix A.3) include routine water level 
measurements as well as pre-sampling and specially-requested measurements. This allows a 
more comprehensive assessment of the hydrogeology screened by the well, as in many cases it 
offers information on well recharge that would be omitted if only routine water level 
measurements were posted. Water level elevations were calculated from the recorded depth to 
water and the elevation of the top of the well casing, taking into account the adjustments made to 
several well casings as closure neared (e.g., to compensate for the addition of surface fill, or to 
convert the well protection from flush-mount to above-ground). Where a well was found to be 
dry, the water level posted is equivalent to the elevation of the bottom of the well casing, as 
calculated from the measured total length of the well casing during its installation. Also posted as 
dry are measurements of water levels within the blank sump at the base of most wells; and 
attempted water level measurements wells equipped with dedicated pumps, in which the well 
was dry to the top of the pump. In the latter case, the presence of the pump prevented the water 
level probe from reaching the bottom of the well. Although a well found to be dry at the top of 
the pump may yet have contained water (because the top of the pump was typically situated 
approximately 3 feet above the base of the screen), it is infeasible to determine an accurate water 
level using existing data. 
 
As has been previously reported (e.g., K-H 2004f), the effects of the St. Patrick’s Day blizzard of 
2003 were recognizable in the water level data, and are clearly evident on many of the 
hydrographs (e.g., wells 07391, 11092, 15599, 37691, and 90402, among others). Indeed, most 
wells that are represented by water level data for this period show some response to this event. 
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Conversely, some wells show little or no reflection of this event. In some cases this is due to the 
countering effects of sample collection (as is apparent on the hydrograph for well 00797 and, 
though less obvious, at B206989). In others, the additional ground water recharge is diverted by 
subsurface ground water control structures (such as foundation drains and ground water intercept 
trenches⎯e.g., drains at wells 40299/40205, 5187/88205, and 99301/99305; and nearby trenches 
at 70099, 70299, and 95299). And finally, in some wells this event did not exert a particularly 
significant effect on measured water levels because the lithology screened by the well is so 
permeable as to quickly flush the additional recharge through the local ground water system, 
producing a smoothed response (e.g., wells 33502 and 23296). 
 
The hydrograph for Evaluation well 30900, located in the PU&D Yard source area, shows an 
extremely well-developed, cyclical recharge pattern. Water levels are higher in late second 
quarter⎯June⎯of each year, with the March 2003 blizzard contributing to the rise that year. 
This pattern is also evident, though not as clearly, on the hydrograph for well 70393, located 
nearby on the upgradient (west) side of the Present Landfill. 
 
Decreasing water levels are apparent at wells on the north side of former B371, including 
Sentinel wells 37405 and 37505. This may reflect removal of the water supply and interruption 
of water-bearing utility corridors to this building. 
 
The hydrograph for well 1386/51605 shows an apparent discontinuity between the original and 
replacement well, even though replacement well 51605 is only 6 feet from the former location of 
1386 in the bottom of the North Walnut Creek valley.  
 
The hydrographs for several wells in the vicinity of the MSPTS, most notably 15399 but also 
including 91203, and 15199 (and less so wells 15299, 15499, 15599, 15699, and 3586) display 
increasing water levels beginning in early 2005, most typically in March. This timing coincides 
with the routing of 700 Area water through a temporary ditch cut across the ground just 
upgradient of the MSPTS, and the diversion of water to the MSPTS intercept trench from the 
corridor formed by a storm drain, as discussed previously. Well 91105 does not reflect this 
pattern, indicating it is upgradient of the impact. The hydrograph for well 2187/91305 is affected 
by the well replacement, which occurred at this time. 
 
Demolition activities in the 800 Area appear to be reflected in the hydrographs of wells 
88101/88104 and 5187/88205. Because the original wells were abandoned prior to the explosive 
demolition of B881 and their replacements were not installed until January and mid-June 2005, 
respectively, there is a large gap in the data and the relationship between water levels and closure 
activities is not conclusive. Demolition and closure of the 881 complex was a focal point in April 
through July 2004, and that of B883 was approximately September 2004 through a portion of the 
second quarter of 2005. These buildings were linked by a tunnel that was disrupted as a part of 
closure, but the trench or corridor into which it was installed may still act as a preferential 
flowpath. The B881 activities may be reflected in well 88101/88104, while the B883 work may 
have influenced water levels in well 5187/88205.  
 
An increase in water levels is shown on the hydrographs for wells on the east-southeast side of 
the SEPs, including 79502 and P207989/79605, beginning in the fall of 2004 and peaking in late 
May to June 2005. This pattern is less clear at well P208989 (located north of the SEPs) and is 
barely visible on the hydrograph for well 00203 (southeast of the SEPs). This pattern is not 
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evident on the hydrographs for the other wells around the SEPs. The increasing water levels most 
likely reflect typical spring recharge in April through June 2005, but to some extent may also be 
affected by closure activities, such as the application of dust suppression water. For example, the 
B779 area underwent final remediation and closure in the spring of 2004, and more detailed 
potentiometric surface maps (e.g., K-H 2004f) do suggest an eastward ground water flow path 
from B779. Well P210189, located on the south edge of former Pond 207C immediately north of 
former B779, shows a slight rise in water levels corresponding to the period in which the B779 
work was performed; because this well is screened entirely in bedrock it might be expected to 
reflect a smaller increase. Demolition activities at B776/777 and removal of the B-Pond 
sediments that were stockpiled at the former SEPs conducted in mid-2005 could also affect local 
water levels. However, each of these events (particularly those related to B776 and B-Pond 
sediments) leaves little time for supplemental ground water to reach the wells on the east side of 
the SEPs.  
 
The hydrograph from well 90803/90805, located in the 903 Pad/Ryan’s Pit Plume area, 
illustrates the objective of this well replacement. Well 90803 was located on a slump block, and 
was intended to fully penetrate the slump and monitor any ground water that might be flowing 
through the slide plane at the base of the slump in case that plane formed a preferential pathway 
for contaminants in this plume. However, the depth required to meet this objective exceeded the 
capabilities of the Geoprobe® used to install 90803. As can be seen on the hydrograph, the 
original well was consistently dry. In 2005 this well was replaced with 90805, which was 
installed using a hollow-stem auger. The slump and slide plane beneath were fully penetrated. 
The water level has been consistently within the bedrock, approximately 3 feet deeper than the 
total depth of the original well. 
 
Other hydrographs from within the central IA, such as at the Vinyl Chloride Plume and in the 
vicinity of the former B551 warehouse and elsewhere, show no obvious effects of Site closure. 
As additional data are collected, effects of closure may be more evident. 
 
3.3.2.2 Ground Water Flow Characteristics 
 
Ground water flow directions and velocities in 2005 are generally consistent with those 
previously reported. The most evident change is at B371, where disruption of the foundation 
drain system has caused this area to no longer act as a ground water sink. Before Site closure, 
potentiometric surface maps in the B371 area showed a depression in the water table 
corresponding to the presence and depth of those drains. Now, however, water levels in this area 
should be equilibrating evenly across the B371 pediment (Figure 3−14 and Figure 3−15). 
 
Flow directions, water level data, geological information, and completed well designs and 
locations support the selection of several well pairs for the calculation of linear ground water 
flow velocities, also referred to as seepage velocities. Using the potentiometric surface maps, a 
pair of wells is potentially useful if a line drawn between them is perpendicular (or nearly so) to 
the potentiometric contour lines between the two wells, and there are no intervening drainages or 
artificial ground water control structures such as the treatment systems.  
 
Well pairs selected for use in this Report vary from those previously reported (e.g., Safe 
Sites 2002, K-H 2004f) because of changes to the well network. The current list of wells includes 
members of the monitoring network in place at the end of 2005.  
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Only one well pair used in the 2003 Annual Groundwater Report (K-H 2004f) remains. That 
pair, consisting of wells 79302 and 1786 located north of the SEPs, is not appropriate for use 
because the SPPTS ground water intercept trench is present between these two wells. That 
feature intercepts ground water flowing from well 79302 toward well 1786, and also exerts an 
influence on local ground water quantities and gradients. 
 
The seepage velocity (v) may be calculated using the Darcy equation: 
 

( )( )dl
dh

n
Kv =  

where 

 K = hydraulic conductivity 
 n = effective porosity 
 dh/dl = hydraulic gradient. 
 
This calculation is most sensitive to the hydraulic gradient and value of K used, because for all 
calculations of v in this report a consistent porosity of 0.1 is used. This is consistent with 
previous Annual RFCA Groundwater Monitoring Reports. 
 
The hydraulic gradient was calculated from water level measurements performed in the 2nd 
and/or 4th quarter of 2005. Results of this calculation typically differ slightly when using data 
from one quarter vs. that from another, but the differences are typically not large. However, one 
notable difference in 2005 is discussed below. 
 
Calculated seepage velocities are only useful as estimates. These velocities are most often used 
to estimate the travel time of conservative (non-reactive) constituents. Reactive constituents will 
tend to migrate more slowly than the calculated velocity. It is important to note that these 
calculated velocities do not take into account properties such as sorption and chemical reactions 
(e.g., precipitation, biodegradation, volatilization, etc.) that can strongly influence the migration 
rate of ground water contaminants.  
 
For each well pair, the hydraulic conductivity, K, selected for this calculation was based on the 
predominant lithologic unit comprising the flow path between the two wells. This is based on the 
core logs for the respective wells (e.g., see Appendix C) as well as the published geology 
(EG&G 1995a), plus information from the hydrographs (i.e., whether ground water is typically 
restricted to the bedrock or extends into surficial materials). If more than one lithology was 
represented between the wells, an average K was calculated from that for each of the two 
lithologies. K values used for these calculations are from EG&G (1995b), Table G-2, with 
subsequently modified values for Rocky Flats Alluvium (Qrf) and valley-fill alluvium 
(RMRS 2000; Safe Sites 2001, 2002). 
 
One factor that cannot be accounted for without additional aquifer test data, and which may 
cause significant error in estimated seepage velocities, is the presence of artificial fill in many 
portions of the former IA. The K for Qrf is used because the source of the fill was typically 
various areas of the Rocky Flats Alluvium. However, it is unlikely that the backfilled alluvium is 
as well packed as the original deposits, resulting in a higher effective porosity and K. Where well 
pairs cross former buildings that were backfilled with rubble and alluvium, the effective porosity 
and K values will be higher still. For this report, well pairs crossing backfilled and regraded areas 
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use the K for Qrf rather than that for the original lithology, under the assumption that the entire 
area of backfill/regrading has a hydraulic conductivity closer to that of the Rocky Flats Alluvium 
than to a lower-permeability unit. 
 
An example well pair may serve to illustrate some of the related difficulties. Well 18199 is 
located between former B776 and B771. It screens Qrf and sandstone of the Arapahoe Formation 
(the “Number One Sandstone;” EG&G 1995a). Ground water in this area previously flowed 
toward the west as a result of the B771 foundation drain system. Following disruption of this 
drain, ground water flow will be more northerly, potentially through the rubble- and alluvium-
backfilled subsurface remnants of B771. Well 20505 was selected as the downgradient well in 
this well pair. This well screens artificial fill, clays, claystone, and silty claystone. The transect 
from 18199 to 20505 is mostly occupied by the artificial fill of the B771 closure, and that fill is 
essentially reworked alluvium. Therefore, an average hydraulic conductivity of the Arapahoe 
Formation No. 1 Sandstone and Qrf is used to calculate the seepage velocity between this well 
pair. 
 
As noted above, these calculated velocities are based in part on data displayed on the 
hydrographs: where water is shown above the bedrock contact, hydraulic conductivities for the 
unconsolidated surficial material (e.g., Qrf or Qc) are selected for this calculation. If the 
hydrographs show water is typically restricted to the bedrock, the K value for the generalized 
bedrock type is selected. Note that the extreme variability of bedrock lithologies (i.e., from 
claystone to silty claystone to clayey siltstone to siltstone) is often reflected in core from a given 
well, but a single K value is selected to represent the well. 
 
Table 3−15 presents the results of the calculation of seepage velocities. Refer to Figure 3−1 for 
the respective locations of the wells. Estimated velocities range from slightly less than 20 feet 
per year (from well P210189 to 79102 in the SEP area) to over 600 feet per year (from 
well 18199 to 20505 in the B771 area). The time to traverse the distance between each well in a 
well pair ranges from just over 9 months (from well 91105 to 91203 at OBP#2) to over 
20.5 years (from well 30900 in the PU&D Yard to well 30002 at North Walnut Creek). These 
velocities are similar to those previously calculated (e.g., K-H 2004f).  
 
As noted above in the discussion on OBP#2 Plume, seeing a contaminant response in 
wells 91203 and 91305 less than 3 months after the source area was remediated is surprising. 
The calculated travel time for ground water to reach well 91203 from well 91105 is closer to 
9 months. This is based on flow within the Qrf (or fill, as the case may be, using the same value 
of K); although present within the source area, the seepage velocity was not based on the 
Arapahoe Formation No. 1 sandstone because it is not screened by either of the wells in this well 
pair. (Calculating the velocity based fully on the K of this sandstone gives a travel time of just 
under 5 months.) The relatively low concentrations reported in these wells suggests the source 
could be somewhere along the former storm drain, rather than in the original source area. 
Alternatively, it could be within that source area, but the pathways represented by the backfilled 
excavation and drain corridor have hydraulic conductivities three to four times higher than that 
of the native materials used in this calculation. Either of these alternatives is quite possible. 



 

 

 

Table 3−15. Well Pairs Used to Calculate Linear Flow Velocities 
See Figure 3−1 for well locations 
 

Well pair Area 2005 
quarter 

Geological 
unit 

WL elevation, 
well 1 

WL elevation, 
well 2 dh (ft) dl (ft) 

dh/dl 
(hydraulic 
gradient) 

K (cm/s) v (ft/yr) Time to traverse 
transect (yrs) 

P115589-
P114689 

North IA 4 Qrf 6006.41 5996.41 10.00 550.14 0.02 4.18E-04 78.64 7.00 

P114689-
56305 

North IA/B559 4 Qrf 5996.41 5987.65 8.76 304.74 0.03 4.18E-04 78.64 3.87 

56305-
21605 

B559 4 Qrf/Qc 5987.65 5955.08 32.57 264.36 0.12 2.56E-04 325.90 0.81 

18199-
20505 B771 4 Qrf 5972.51 5922.98 49.53 499.28 0.10 6.03E-04 618.87 0.81 

40305-
39605 South IA 4 Qrf 6004.97 5997.08 7.89 389.59 0.02 4.18E-04 87.53 4.45 

P419689-
11502 South IA 2 Qrf 6004.44 5997.00 7.44 535.27 0.01 4.18E-04 60.11 8.90 

P419689-
11502 South IA 4 Qrf 6005.17 6000.97 4.20 535.27 0.01 4.18E-04 33.90 15.79 

40305-
22996 

South IA/ 800 
Area 4 Qrf 6004.97 5982.15 22.82 443.86 0.05 4.18E-04 222.30 2.00 

88205-
00797 881 Hillside 4 Qrf/Qc 5967.43 5921.27 46.16 311.65 0.15 2.56E-04 391.78 0.80 

00191-
00491 903 Pad-Lip 4 Qrf/KaKlclst 5950.50 5888.39 62.11 816.98 0.08 2.09E-04 164.74 4.96 

00491-
90299 903 Hillside 2 Qc/KaKlclst 5890.77 5808.77 82.00 609.84 0.13 4.71E-05 65.51 9.31 

00491-
90299 903 Hillside 4 Qc/KaKlclst 5888.39 5805.04 83.35 609.84 0.14 4.71E-05 66.59 9.16 

07391-
10304 

Ryan's Pit/ 
Woman Ck. 2 Qc 5942.50 5811.43 131.07 948.74 0.14 9.33E-05 133.36 7.11 

07391-
10304 

Ryan's Pit/ 
Woman Ck. 4 Qc 5941.53 5809.24 132.29 948.74 0.14 9.33E-05 134.60 7.05 

91105-
91203 Oil Burn Pit #2 4 Qrf 5948.08 5932.55 15.52 226.73 0.07 4.18E-04 296.14 0.77 

00897-
15499 Mound 4 KaKlslt/Qc 5944.71 5919.53 25.18 362.94 0.07 6.11E-05 43.82 8.28 
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Table 3−15 (continued). Well Pairs Used to Calculate Linear Flow Velocities 

 

Well pair Area 2005 
quarter 

Geological 
unit 

WL elevation, 
well 1 

WL elevation, 
well 2 dh (ft) dl (ft) 

dh/dl 
(hydraulic 
gradient) 

K (cm/s) v (ft/yr) Time to traverse 
transect (yrs) 

P210189-
79102 SEPs 4 KaKlslt 5968.23 5948.52 19.71 300.74 0.07 2.88E-05 19.53 15.40 

79102-
22205 North of SEPs 4 KaKlslt/Qc 5948.52 5916.75 31.77 237.99 0.13 6.11E-05 84.32 2.82 

79502-
99305 SEPs/B991 4 KaKlslt/Qrf 5960.89 5928.19 32.70 360.74 0.09 2.23E-04 209.50 1.72 

70393-
70693 

PU&D/Present 
Landfill 2 Qrf 5988.08 5975.51 12.57 410.48 0.03 4.18E-04 132.44 3.10 

70393-
70693 

PU&D/Present 
Landfill 4 Qrf 5987.75 5974.77 12.98 410.48 0.03 4.18E-04 136.76 3.00 

30900-
30002 

PU&D/ N. 
Walnut Ck. 2 Qrf/Qc 5994.25 5928.53 65.72 1,890.74 0.03 2.56E-04 91.94 20.56 

30900-
30002 

PU&D/ N. 
Walnut Ck. 4 Qrf/Qc 5994.55 5922.81 71.74 1,890.74 0.04 2.56E-04 100.36 18.84 

Qrf = Quaternary-age Rocky Flats Alluvium, Qc = Quaternary-age hillslope colluvium, KaKlslt = undifferentiated, Cretaceous-age siltstone of the Arapahoe and/or Laramie Formations, 
KaKlclst = undifferentiated, Cretaceous-age claystone of the Arapahoe and/or Laramie Formations 
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In the discussion above on the South IA Plume, detections of PCE were noted in well 11502. 
Although B444 does not appear to be directly upgradient of this well based on the potentiometric 
surface contours (Figure 3−14 and Figure 3−15), previous studies (e.g., K-H 2004d) using 
additional water level data have suggested otherwise. Therefore, the seepage velocity from 
well P419689 to well 11502 was calculated based on flow within the Qrf (which is reasonable, as 
shown by the hydrographs for these wells). The results show the effect of a variation in hydraulic 
gradient (dh) on the calculated velocity. Calculations based on the second quarter water levels 
(when that at well 11502 was relatively lower, resulting in a larger gradient) indicate ground 
water would cross this distance in approximately 9 years; in the fourth quarter, when there is a 
smaller hydraulic gradient, the result is close to 16 years. Either case suggests the PCE reported 
at well 11502 is not a result of the closure-related demolition of the B444 complex. If the source 
was in the general area of former B664, and the contaminated ground water is moving within the 
Qrf, a travel time of at least 3 to 5 years would be required for ground water to reach well 11502, 
based on the water levels measured in 2005. 
 
The difference in seepage velocities for the P419689-11502 well pair is notably unlike 
differences at other well pairs represented by data for both quarters. The most likely causes are 
an artificial increase or decrease in the water level at one of the wells. For example, sampling 
followed by slow recharge could have depressed the water level at one of the wells. However, 
water level measurements providing data for velocity calculations at these wells in 2005 
preceded sampling activities. The application of excess dust suppression water could have 
increased the water level at one of these wells and affected this calculation. This may have been 
the case: Well P419689 is located immediately southeast of former B444, demolition of which 
began in early March 2005. The February water level from this well is unaffected, but two 
measurements in April 2005 (April 7 and 22) show progressively rising water levels. The next 
(and final) water level measured in 2005 was in October, and still represents a relatively higher 
water level relative to normal water levels for that month (see hydrograph, Appendix A.4). The 
hydrograph for well P419689 may represent one case in which the effects of dust suppression 
efforts are clear. 
 
Regarding the detection of acetone in samples from well 30002, and the presence of acetone in 
PU&D Yard Plume source-area well 30900, Table 3−15 shows the calculated travel time from 
the source area to the downgradient well is approximately 20 years. Current data support a 
different ground water flow path, but the path represented by this well pair was explored because 
of the detection of acetone in both wells. Although data for acetone in ground water from this 
source area are not available for the 1970s-1980s, it may be reasonable to assume the reported 
detection at well 30002 is an anomaly until additional data show otherwise. 
 
The travel time calculated for well pair 00897-15499 at the Mound, 8.28 years, suggests the 
effects of remediation of this source area (which was completed in 1997) may soon be apparent 
in Mound Plume ground water that is captured and treated by the MSPTS. However, with the 
diversion of water from the 72-inch drain corridor into the MSPTS intercept trench, changes in 
Mound Plume water quality may be difficult to discern. In addition, given that VOC 
concentrations in samples from well 00897 may only now be showing a decrease (as discussed 
above in Section 3.3.1.1), residual contamination may be recalcitrant; it may be unrealistic to 
expect significant Mound-related changes in MSPTS influent water quality in the next several 
years. 
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Seepage velocities were also calculated for monitoring wells in the 903 Pad/Ryan’s Pit Plume 
area. Two flow paths were selected, based in part on previous work (K-H 2004d). One, from 
Evaluation wells 00191 to 00491, may not be realistic, as ground water from well 00191 more 
likely migrates northeastward toward the East Trenches Plume. Even so, as a well more directly 
upgradient from 00491 but still near the 903 Pad VOC source area would have a similar water 
level elevation to that of 00191, this calculation is still useful. The results suggest that the effects 
of the 903 Pad and Lip remediation and HRC applications will not be reflected in ground water 
samples collected from well 00491 for at least several years. The second leg of this flow path, 
down the hillside from Evaluation well 00491 to Sentinel well 90299 at the SID, is calculated to 
take slightly more than 9 years. Therefore, effects of the remediation and HRC application would 
probably not be apparent in VOC data from the latter well for roughly 15 years or more. 
 
The second flow path selected in this area includes Ryan’s Pit source-area Evaluation well 07391 
and Woman Creek AOC well 10304. The flow between these was considered to be within the 
hillslope colluvium, as the hydrograph for well 07391 shows most recent water levels to be 
within the surficial materials rather than restricted to bedrock. The calculated seepage velocity is 
approximately 7 years. Because Ryan’s Pit VOCs are not detected at well 10304, no effect from 
the HRC application near well 07391 is anticipated at the AOC well. 
 
Table 3−15 indicates that if the 18199-20505 pathway is appropriate, the latter well may begin to 
report detections of VOCs within the next year or so. This pathway is reasonable, but given the 
intervening presence of a disrupted foundation drain and its corridor, the backfilled building, and 
backfilled/disrupted subsurface utility corridors on the north side of former B771, the ground 
water may be diverted in another direction. 
 
3.4 Ground Water Monitoring at the Present Landfill and Original Landfill 

in 2005 
 
This section presents the evaluation of the CY 2005 ground water quality data for the Present 
Landfill, previously known as OU7; and the Original Landfill, previously OU5. 
 
3.4.1 Present Landfill 

The Present Landfill is located in the Buffer Zone just north of the former IA. It served as a solid 
waste disposal facility for the Rocky Flats Plant/RFETS and has not been operational since 1998. 
It occupies approximately 44 acres (including the East Landfill Pond) at the western end of the 
No Name Gulch drainage. The Present Landfill underwent RCRA closure and an engineered 
RCRA-compliant cover was constructed as a part of the Present Landfill and Site closure. 
 
Activities to close the Present Landfill were performed and completed during 2005. Closure 
included installation of a RCRA cover and enhancements to the perimeter runoff controls. Refer 
to K-H (2004h) for details on closure of the Present Landfill. 
 
Ground water monitoring requirements at the Present Landfill were heavily revised during 2005, 
with the monitoring network and analytical suites undergoing significant change as a part of the 
closure process. The monitoring that was required and performed at the end of 2005 was very 
different from that performed at the beginning of the year. 
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The RCRA monitoring network for the Present Landfill at the beginning of 2005 included four 
upgradient wells and four downgradient wells; at the end of 2005, this had been revised to three 
upgradient wells (two of which had been included in the 2004 network) and three new 
downgradient wells (none of which were in the 2004 network). Changes to the network are 
shown in Table 3−16 and Figure 3−16. Figure 3−16 also displays the ground water control 
structures in place at the Present Landfill. Those structures were modified to some extent in 
2005, but the version shown predates these modifications. The next version of the Annual Report 
will provide updates to ground water control structures. 
 

Table 3−16. Ongoing Modifications to the RCRA Ground Water Monitoring Network in CY 2005 at the 
Present Landfill, as Reflected by Wells that were Monitored for this Purpose During Each Calendar 

Quarter 
 

Calendar 
Year 

Quarter 
Upgradient Wells Downgradient Wells 

Q1 5887, 70193, 70393, 70493 4087, B206989, 52894, 52994 
Q2 5887, 70193, 70393, 70493 4087, B206989, 52894, 52994 

Q3 70193, 70393 4087, B206989, 52894 
Q4 70193, 70393, 70693 73005, 73105, 73205 

Notes: See Table 3−17 for analytes collected at each well. 
Q = quarter.  
Changes in listed wells from quarter to quarter reflect changes in the Present Landfill monitoring requirements as 
conveyed by the Present Landfill closure project (since monitoring negotiations were continuing, and final versions of 
the decision documents did not yet exist) and abandonment of wells that had been deemed by that project to be 
unnecessary to the final RCRA network. 
 
 
The analytical suite was also revised through 2005 and was still in negotiation in CY 2006. 
Monitoring decisions were mostly finalized, particularly with respect to ground water, with most 
of the late adjustments relating to monitoring of the seep and the GWIS. Changes in the 
analytical suite are described in Table 3−17. 
 
As a result of the negotiated RCRA monitoring network, the former network of four upgradient 
and four downgradient wells is no longer strictly applicable to the Present Landfill. The new 
downgradient wells are over 700 feet upgradient from the former downgradient wells, and are 
upgradient of the East Landfill Pond rather than downgradient of the Pond and dam as with the 
former wells. Pooling of data from the former and new wells would therefore be inappropriate. 
As a result, to be consistent with and supportive of the negotiated closure of the Present Landfill, 
RCRA evaluation of Present Landfill ground water must omit the former monitoring network in 
favor of the new network. Because the new wells were only sampled once in 2005, there are 
insufficient data for the required upgradient/downgradient statistical comparison. A year of 
quarterly analytical data (i.e., four sets of quarterly samples) are required to determine the 
baseline, and four sets of data are needed to perform the statistical analyses. 
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Table 3−17. RCRA Ground Water Sampling Performed in 2005 at the Present Landfill, Listed by Well, 
Calendar Quarter, and Analyte 

 
Well Location Q1 Q2 Q3 Q4 

5887 Upgradient V, M, N, U, FS V, M, N, U, FS -N/A- -N/A- 

70193 Upgradient V, M, N, U, FS V, M, N, U, FS V, M, N, U, FS V, M 
70393 Upgradient V, M, N, U, FS V, M, N, U, FS V, M, N, U, FS V, M 
70493 Upgradient V, M, N, U, FS V, M, N, U, FS -N/A- -N/A- 

70693 Upgradient -N/A- -N/A- -N/A- V, M 
4087 Downgradient V, M, N, U, FS V, M, N, U, FS V, N, S; D (M, U) -N/A- 
B206989 Downgradient D (all) V, M, N, U, FS V, M, N, U, FS -N/A- 

52894 Downgradient V, M, N, U, FS V, M, N, U, FS D (all) -N/A- 
52994 Downgradient D (all) D (all) -N/A- -N/A- 
73005 Downgradient -N/A- -N/A- -N/A- V, M 

73105 Downgradient -N/A- -N/A- -N/A- V, M 
73205 Downgradient -N/A- -N/A- -N/A- V, M 

Notes:  
Q = quarter.  
V = VOCs, M = metals (which includes uranium), N = nitrate/nitrite as N, U = uranium (isotopic), FS = fluoride and sulfate, D = dry or 
insufficient water to complete the analytes listed in parentheses. 
-N/A- = not applicable, either because the well had not yet been added to the RCRA network or had been eliminated from that 
network.  
Only RCRA wells supporting the Present Landfill are listed; other wells in the area (such as Sentinel wells) are omitted in order to 
more clearly illustrate differences in the RCRA ground water monitoring network. 

 
 
The available data from the new RCRA monitoring network are only sufficient to support a 
qualitative description of the ground water quality at the Present Landfill, not a quantitative 
description (statistical analysis) of RCRA ground water quality data. 
 
As shown in Table 3−16, wells 70693, 73005, 73105, and 73205 were added to the RCRA 
network during 2005. Of these, well 70693 was pre-existing and previously had been classified 
as a Sentinel well, while the other three were newly installed in 2005 to complete the RCRA 
network. Also during 2005, wells 5887, 70493, 4087, B206989, 52894, and 52994 were removed 
from the network. Of these, wells 5887, 70493, 52894, and 52994 were abandoned, while 
wells 4087 and B206989 were reclassified as Sentinel wells. The end result of these changes is 
shown in Table 3−16 in the entries for the fourth quarter (Q4). 
 
The Annual RCRA Groundwater Monitoring Reports for RFETS (DOE, 1990, 1991a, 1992a, 
1993, 1994, 1995, and 1996a) describe ground water data for 1989 through 1995 at the Present 
Landfill. The Phase I RCRA Facility Investigation/Remedial Investigation Work Plan for 
Operable Unit 7: Present Sanitary Landfill (DOE 1991b) presents additional information. 
Subsequent ground water monitoring activities were conducted under RFCA during CY 1996, 
1997, 1998, and 1999, and are presented in annual Present Sanitary Landfill Groundwater 
Monitoring Reports (DOE, 1998, 1999c, 2000). From 1999 through 2003, the annual data 
assessment for the Present Landfill has been included in the Annual RFCA Groundwater 
Monitoring Reports (Safe Sites 2001, 2002; K-H 2004f). The 2004 information is presented in 
the Fourth Quarter RFCA Groundwater Monitoring Report for Calendar Year 2004 (URS 2005). 
Additional background information regarding the Present Landfill is presented in the Original 
Landfill Interim Measure/Interim Remedial Action (IM/IRA) for IHSS 114 and RCRA Closure 
of the Present Landfill (K-H 2004h). 
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Figure 3−16. RCRA Ground Water Monitoring at the Present Landfill 
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Ground water quality at the Present Landfill has been shown to be impacted on the upgradient 
side by VOCs in the PU&D Yard Plume. Available data from 2005 from downgradient RCRA 
wells show three VOCs were detected in downgradient ground water. All of these results are 
J-qualified by the laboratory, indicating these concentrations are estimated. VOCs reported as 
detections, with their estimated concentrations, included: acetone (2.7 µg/L, well 73005), 
chloroform (0.26 µg/L, well 73105), and methylene chloride (all three downgradient wells; 
0.4 µg/L in 73005, 0.44 µg/L in 73105, and 0.35 µg/L in 73205). No metals were reported in 
downgradient wells at concentrations exceeding their surface water standards except for 
selenium in well 73205 (420 µg/L; action level is 4.6 µg/L, practical quantitation limit is 
10 µg/L). Selenium is also slightly above the action level in upgradient well 70193 (to 13.4 µg/L 
in a Real sample and 13.8 µg/L in a Duplicate sample in 2005). 
 
Ground water flow at the Present Landfill is assessed via water level measurements made at the 
RCRA wells. This information can be augmented by other wells in the immediate area, but at the 
Present Landfill there are very few other wells to consider. Well 30900, located upgradient in the 
PU&D Yard Plume source area, can contribute information on flow conditions within the Rocky 
Flats Alluvium farther upgradient from the Present Landfill. Water level data from the 
downgradient Sentinel wells, 4087 and B206989, do not contribute anything of significance to 
this assessment. 
 
Ground water flow at the Present Landfill is strongly affected by the GWIS (see Figure 3−16), 
which acts to divert ground water flow around the perimeter of the Present Landfill rather than 
through the wastes. This system includes a slurry wall and perforated drain around the 
upgradient and side-gradient perimeter of the Present Landfill. 
 
Previous RCRA reports on the Present Landfill have included a comparison of water levels in 
nested well pairs. Well pairs are no longer included in the RCRA monitoring network, so this 
comparison will no longer be made. 
 
It is anticipated that sufficient data will be available for a thorough evaluation of ground water at 
the Present Landfill as a part of the annual report for CY 2006, given that samples are collected 
quarterly from these wells. 
 
3.4.2 Original Landfill 

The Original Landfill is located within the former IA OU south to southwest of the former 
400 Area, between former Cactus Ave. on the north and Woman Creek on the south. The 
Original Landfill operated as a dump from the 1950s until 1968, when the Present Landfill was 
opened. 
 
Activities to close the Original Landfill were performed and completed during 2005. Closure 
included abandoning wells, removing debris, regrading the ground surface, and adding a cover. 
Refer to K-H (2005l) for details on closure of the Original Landfill. 
 
Prior to closure, the Original Landfill was monitored as a part of the general south IA and 
Woman Creek monitoring. During negotiations to close the Original Landfill, RCRA was 
identified as an applicable or relevant and appropriate requirement for the facility. As a result of 



 

 
Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy 
Doc. No. S0235400 June 2006 
Page 3–64 

these negotiations, four wells were identified to monitor the Original Landfill, three of which 
were installed in 2005. 
 
In addition to monitoring and evaluating these wells similar to RCRA wells (i.e., on a quarterly 
basis, and evaluating the resulting analytical data via upgradient-downgradient comparisons), the 
three downgradient wells are also monitored and evaluated similar to Sentinel wells at the RFS. 
Specifically, data from these wells are statistically evaluated using 85th percentile concentrations 
to compare against surface water standards, and data trends are constructed as warranted to 
determine a need for action. 
 
Table 3−18 and Table 3−19 illustrate the RCRA monitoring performed at the Original Landfill 
during 2005. Table 3−18 displays the members of the ground water monitoring network, and 
Table 3−19 shows the analytical samples collected from the wells. Note that the analytical suites 
for Original Landfill RCRA wells were still in negotiation and not yet final at the end of 2005. 
Well locations are shown on Figure 3−1. 
 

Table 3−18. Ongoing Modifications to the RCRA Ground Water Monitoring Network in CY 2005 at the 
Original Landfill, as Reflected by Wells that were Monitored for this Purpose During Each Calendar 

Quarter 
 

Calendar 
Year 

Quarter 
Upgradient Wells Downgradient Wells 

Q1 N/A N/A 
Q2 N/A N/A 
Q3 N/A 80005, 80105, 80205 

Q4 P416589 80005, 80105, 80205 

Notes: See Table 3−19 for analytes collected at each well. 
Q = quarter.  
Changes in listed wells from quarter to quarter reflect changes in the Present Landfill monitoring 
requirements as conveyed by the Present Landfill closure project (since monitoring negotiations were 
continuing, and final versions of the decision documents did not yet exist) and abandonment of wells that 
had been deemed by that project to be unnecessary to the final RCRA network. 

 
 

Table 3−19. RCRA Ground Water Sampling Performed in 2005 at the Original Landfill, Listed by Well, 
Calendar Quarter, and Analyte 

 
Well Location Q1 Q2 Q3 Q4 

P416589 Upgradient -N/A- -N/A- -N/A- V, M, S, P 
80005 Downgradient -N/A- -N/A- V, M, S, P V, M, S, P 
80105 Downgradient -N/A- -N/A- V, M, S, P V, M, S, P 

80205 Downgradient -N/A- -N/A- V, M, S, P V, M, S, P 
Notes:  
Q = quarter.  
V = VOCs, M = metals (which includes uranium), S = semivolatile organic compounds, P = pesticides. 
-N/A- = not applicable because the well had not yet been added to the RCRA network. 
Only RCRA wells supporting the Present Landfill are listed; other wells in the area (such as Sentinel and AOC wells) are 
omitted in order to more clearly illustrate differences in the RCRA ground water monitoring network. 

 
 
As at the Present Landfill, there are insufficient ground water analytical data from the RCRA 
monitoring network at the Original Landfill to perform the upgradient/downgradient 
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comparisons, nor are there sufficient data to evaluate the downgradient wells in the manner of 
Sentinel wells. Therefore, this discussion will be limited to a qualitative description of ground 
water quality at the Original Landfill. 
 
No VOCs were detected in ground water samples collected in 2005 from downgradient wells at 
the Original Landfill, and detected metals were below appropriate thresholds. Water quality was 
similar in upgradient well P416589, except that acetone was detected at an estimated 
(J-qualified) concentration of 3.3 µg/L in late December 2005. 
 
As at the Present Landfill, there should be sufficient data available for a thorough evaluation of 
ground water at the Original Landfill as a part of the annual report for CY 2006, given that 
samples are collected quarterly from these wells. 
 
3.5 Selected Topics on Rocky Flats Ground Water in 2005 
 
This section summarizes some of the more notable events and conditions related to ground water 
at the RFS in 2005. Obviously, with the Site undergoing a multitude of activities related to final 
closure during this period and all Site organizations working feverishly toward that end, there 
were many such events and conditions; this Report will only address a few of those that may be 
most important. 
 
Addressed first are some of the documents that were published specific to ground water at the 
Site. Following that is a discussion of activities and conditions of note. 
 
3.5.1 Selected Summary of Published Documents  

The ground water program in 2004 and 2005 developed or contributed to numerous documents. 
A short selection of these documents is presented here, with very brief descriptions. Not included 
are routine documents, such as RFCA Quarterly Reports, the IMP, and various work control 
documents. 
 
3.5.1.1 Groundwater Interim Measure/Interim Remedial Action (GW IM/IRA) (K-H 2005k) 
 
The ground water program contributed to this document, which was written to summarize 
ground water conditions and remedial actions at the Site. Impacts from the Site were evaluated to 
determine if additional accelerated actions were necessary. This assessment was based on 
analytical data from ground water, surface water, and subsurface soils; and ground water 
modeling results. The feasibility of accelerated actions was evaluated where surface water 
quality or use classifications were impacted, by considering various alternatives on the basis of 
efficiency and cost-effectiveness. Remedial Action Objectives (RAOs) were developed to guide 
long-term remediation goals for ground water for later implementation via the Remedial 
Investigation/Feasibility Study (RI/FS). The GW IM/IRA followed guidance in Appendix B of 
the RFCA Implementation Guidance Document (DOE et al. 1999). 
 
Draft RI/FS and Draft Comprehensive Risk Assessment (CRA): The ground water program also 
contributed to the development of the draft RI/FS and the draft CRA for the Site. These 
documents are required in order to achieve the regulatory closure of the Site. The RI/FS provides 
detailed summaries of contamination, contaminant transport, and contaminant fate, and 
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implements the long-term goals identified via the RAOs developed in the GW IM/IRA. The 
CRA synthesizes data on contaminants and determines the human health risk resulting from 
residual contamination at the Site. The CRA also contains an Ecological Risk Assessment 
evaluating effects on ecological resources. These two documents also provide much more 
information, comprising literally dozens of volumes. Due to their draft status and ongoing 
finalization efforts, these documents are not included in the list of references (Section 3.6).  
 
3.5.1.2 Final Fate and Transport Modeling of Volatile Organic Compounds (K-H 2004g) 
 
The multi-year modeling efforts of the Water Programs Group produced a Site-wide water 
balance in 2002 and culminated in a report in 2004 summarizing modeling efforts for individual 
areas of ground water contamination. Results of these efforts are published in K-H (2002h, 
2004g) and, with respect to ground water monitoring, were used to refine monitoring well 
selection based on ground water flow directions, flow velocities, and the location and 
configuration of ground water contaminant sources and plumes. Modeling results also helped to 
define improvements that could be made to the network via well replacements, and supported 
identification of surface water sampling that would support ground water monitoring efforts. 
This detailed, three-dimensional integrated modeling of VOCs in ground water at the Site also 
supported Site closure objectives. Modeling considered and incorporated information from the 
SWWB (K-H 2002h), Historical Release Reports (DOE 1992b, with updates issued annually), 
interviews with Subject Matter Experts, and geological, hydrological, and analytical data to 
evaluate VOC plumes at the Site. (However, it is important to note that the modeling effort did 
not describe or refer to areas of ground water contamination as plumes, but rather as “plume 
signature areas” or PSAs largely because of the lack of sufficient information available on 
sources. Though PSA is more accurate, for simplicity the more commonly-used term “plumes” is 
used in this Annual Report.)  
 
3.5.1.3 Evaluation of Natural Attenuation and Biodegradation Potential (K-H 2004d) 
 
Using ground water analytical and field data and published literature pertaining to the 
degradation of various VOCs present at the Site, PSAs identified and studied during the 
modeling effort (K-H 2004g; see summary above) were evaluated to assess whether and to what 
extent Site ground water contaminated with VOCs might be undergoing natural attenuation and 
biodegradation. This information assisted the design of the monitoring network by illustrating 
areas with higher or lower rates of VOC biodegradation. Those showing elevated rates would be 
appropriate for less monitoring than those in which biodegradation was minimal. Unfortunately, 
at the RFS it was shown that high rates of naturally-occurring biodegradation are not widespread: 
only two relatively small areas provided strong evidence for ongoing biodegradation. One of 
these is focused on well 33502 (which monitors the Vinyl Chloride Plume). The other, well 1986 
(since replaced by well 52505), is a short distance to the northeast in the drainage separating 
former B776 and B371. Data from the other 577 wells that were evaluated suggested either 
inadequate or limited evidence of biodegradation. 
 
3.5.1.4 Statistical Methods for Trending (K-H 2004) 
 
Analytical data from Rocky Flats have long been considered difficult to work with, both because 
of the complexity of the database (referred to as SWD⎯or Soil and Water Database⎯prior to 
closure, the contents of which have since been migrated to SEEPro) and the typically non-normal 
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distributions found in the data. The ground water program reviewed and assessed numerous 
statistical methods that might be useful for identifying concentration trends in ground water data 
from RFS. This effort used Site data in this process, and recommended a specific statistical 
method as that most appropriate for application to Site data. The recommendation made by this 
report was incorporated in the FY 2005 IMP (K-H 2005f and its predecessor, the original version 
for FY 2005) as the method by which ground water analytical data are assessed, and also 
contributed to the design of the ground water monitoring frequencies. This method, the S-K trend 
test, produces results such as those included in Appendix B.3. 
 
3.5.1.5 Uranium in Surface Soil, Surface Water, and Groundwater (K-H 2004i) 
 
A similar and complementary effort to the AME was undertaken for uranium, both as a review 
and compilation of uranium data in these environmental media and to support the distinction of 
natural from anthropogenic (man-made) uranium. The naturally-elevated background 
concentration of uranium in ground water at the Site can be a confounding factor when 
attempting to determine what constitutes uranium “contamination.” These elevated 
concentrations are a result of the mineralization that has led to uranium (among other economic 
minerals) being mined in the Front Range near the RFS. However, the isotopic signature of 
naturally-occurring uranium differs from that used for weapons production at Rocky Flats, 
enabling the use of analytical methods to determine whether elevated concentrations relate to 
historic Site activities. Special sampling conducted across the Site since 1999, reported in 
previous RFCA Annual Groundwater Reports (e.g., RMRS 2000; Safe Sites 2001, 2002; 
K-H 2004e, 2004f), utilized these methods and determined that the vast majority of the ground 
water at the Site has a natural uranium isotopic signature. These efforts, combined with historical 
sampling results, also helped to outline a general range of natural uranium concentrations in 
ground water that was used to define a “threshold” concentration for decision purposes.  
 
3.5.1.6 Chemical Artifacts in Groundwater Samples (Boylan 2004) 
 
This study was undertaken because of elevated concentrations of metals in a former Boundary 
well, 41591, which was located downgradient of the East Spray Fields. Constructed of PVC, the 
well was sampled with a dedicated stainless-steel bladder pump using micro-purge techniques. 
The study showed that the elevated nickel and chromium observed in samples from this well and 
potentially others were an artifact of the sampling method (micro-purging with the pump) and 
were not representative of the ground water. As a result of this finding and its wider implications, 
all dedicated stainless steel pumps were removed from use in 2004 and 2005, and greater care 
was taken to purge stagnant water prior to sampling each PVC and stainless steel well. 
 
3.5.2 Selected Activities, Events, and Conditions in 2005 

3.5.2.1 Final Land Configuration 
 
As the Site was closed, the physical configuration of the ground surface was altered, in some 
areas dramatically so. Impervious surfaces were removed, which was carefully considered 
throughout the modeling studies, since these surfaces diverted what would have been ground 
water recharge and turned it into surface water runoff. Subsurface utilities were disrupted or 
removed, which was also a subject of careful consideration during modeling efforts due to their 
effects on ground water quantity and flowpaths. Existing drainages were extended or modified, 
new drainages were created, and fill was added or removed, further affecting ground water 
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recharge and surface water runoff. These activities played a large part in identifying the 
appropriate locations and designs of monitoring wells. Because the primary objective of ground 
water monitoring is the protection of surface water, ensuring that wells are appropriately located, 
designed, and constructed to monitor surface water drainages is important. As the final land 
configuration evolved both in concept and reality, the network was adjusted accordingly. 
 
3.5.2.2 HRC 
 
As a part of the process undertaken in the GW IM/IRA to identify any areas of contamination 
warranting additional measures, several locations were selected for the subsurface application of 
HRC. This product is a food-grade polylactate ester that, when applied to the subsurface and 
hydrated, acts as an electron donor to microbes that dechlorinate chlorinated solvents (e.g., PCE 
and TCE). HRC was used in a treatability study at the PU&D Yard Plume (K-H 2001). In 
accordance with negotiations as summarized in the GW IM/IRA (K-H 2005k), HRC was applied 
at the Ryan’s Pit source area (near well 07391) and in boreholes arranged as three arcs near 
higher-concentration portions of the 903 Pad plume and source area (west of well 00191). Water 
quality will continue to be observed in these areas to assess the impact of the HRC on monitored 
constituents. 
 
3.5.2.3 Phytoremediation 
 
Also in keeping with the GW IM/IRA, two areas were planted with willow and cottonwood poles 
to enhance local ground water quality. These areas included those portions of the Solar Ponds 
Plume and East Trenches Plume that are beyond the treatment systems or intercept trenches for 
the respective plumes.  
 
Planting took place in May. At the SPPTS, the planted area is along the two-track vehicle path 
formerly used to access monitoring wells along North Walnut Creek and subsequently used as a 
flowpath for surface discharge from the SPPTS. Inspections in September of this area indicated 
only the willows survived the summer, and those in the immediate vicinity of the discharge 
gallery were most successful.  
 
Below the ETPTS, planted areas included the southern banks of Ponds B-1, B-2, and B-3. The 
September inspection showed no cottonwoods succeeding at Ponds B-1 and B-3. Willows had 
become established and/or recovered along the southern edges of all three ponds (some of which 
hosted willows prior to being remediated). Pond B-2 also saw one cottonwood survive. 
 
3.5.2.4 Plutonium and Americium at B771 
 
During the spring of 2005, samples were collected from the newly installed and developed 
replacement wells located downgradient of B771 (Sentinel wells 20205, 20505, and 20705). 
Although not technically justified given the geochemical behavior of these analytes in the ground 
water regime (see the GW IM/IRA, K-H 2005k, for a summary; see also Section 3.2.1 above), 
the analytical suite at these wells and two at B371 includes Pu and Am as a response to 
community concerns.  
 
Ground water samples collected from wells 20205 and 20705 reported elevated activities of Pu 
and/or Am. This was not especially surprising, as the corresponding boreholes were drilled 
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through potentially contaminated soils that had been extensively reworked through the activities 
designed to address process waste lines and other subsurface lines in this area. Because the depth 
and magnitude of potential contamination was not known, these wells were not installed using 
specialized surface casing to isolate potentially contaminated horizons (as is performed when 
installing “aseptic” wells). Furthermore, water removed from well 20705 (which was installed in 
the immediate vicinity of the former location of B771 Manhole 3, a location associated with 
known legacy contamination that was targeted for removal and remediation as a part of closure) 
was especially turbid, containing abundant sediment even following aggressive development. 
 
Upon receipt of the initial round of data, a series of well redevelopment-resampling cycles was 
initiated to both clean up the wells and determine the nature of the contamination reported in the 
ground water samples. (Well development at RFS includes flushing water through the filter pack 
and borehole by withdrawing water and surging the water column. It is designed to remove fine 
sediments from the well and filter pack and enhance the productivity of the well.) Sampling 
methods in this follow-up effort included sequential filtration designed to confirm whether the 
contamination reported was associated with a particular size fraction, and analysis of two 
sediment fractions. 
 
Activities of Pu and Am in ground water samples from wells 20205 and 20705 were reduced 
through the well redevelopment process. Analyses of sequentially filtered water did not provide 
sufficient information to determine whether these analytes were associated with a particular size 
fraction because their activities had been reduced to very low levels by the time these methods 
were used. 
 
Figure 3−17 and Figure 3−18 display Pu and Am results, respectively, for ground water samples 
collected through these efforts.  
 
3.5.2.5 High-Resolution Analyses of Uranium  
 
Several ground water samples were analyzed by Los Alamos National Laboratory using high-
resolution TIMS to determine whether the uranium within each sample reflected anthropogenic 
contamination or natural ground water. This effort built on that begun in 1999 (RMRS 2000; 
Safe Sites 2001, 2002; K-H 2004i), as summarized above in Section 3.5.1. Results of these 
analyses have shown that the vast majority of the uranium content in ground water at the Site is 
naturally occurring. Because of the Site’s location near heavily-mineralized (and mined) uranium 
deposits, this is not surprising. 
 
Samples were collected and analyzed in 2005 from two now-abandoned wells in the former Ash 
Pits area (58793 and 71394; results indicate 100 percent natural uranium), and wells 99305, 
99405, 91203, 91305, and 89104. All produced ground water samples that were entirely or 
mostly natural. The sample with the highest percentage of anthropogenic uranium content was 
from well 91203 (which was 93.4 percent natural); the concentration of uranium in this sample 
was 3.9 µg/L. The highest reported concentration was 395.7 µg/L at well 99405, which was 
99.9 percent natural uranium. 
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Figure 3−17. Plutonium Activities in Sentinel Wells North of Former B771 from Special Sampling Performed Immediately Prior to Site Closure 
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Figure 3−18. Americium Activities in Sentinel Wells North of Former B771 from Special Sampling Performed Immediately Prior to Site Closure 
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3.5.2.6 Removal of SW056 
 
Security upgrades in late 1970s included construction of a hillside south of B991. A French drain 
was installed in base of hillside to stabilize it, and a drain outfall (which came to be known as 
sampling location SW056) emptied to surface water. Samples of outfall water were collected 
periodically from the mid-1980s on, and contained elevated concentrations of VOCs (PCE chain; 
K-H 2004e). To address this flow of VOC-contaminated water, the drain outfall was removed in 
September 2005, the drain itself was interrupted, and the resulting excavation was backfilled 
with soil and HRC. A monitoring well (Sentinel well 45605) was installed to monitor ground 
water adjacent to the drain and interruption. 
 
Analytical results from samples collected in December 2005 from well 45605 show detections of 
cis- and trans-1,2-DCE (100 µg/L and estimated 0.8 µg/L, respectively). No other VOCs were 
detected. 
 
A slump has since developed on this artificial hillside and will be monitored and reported in 
quarterly and annual reports for 2006. 
 
3.5.2.7 No-Purge Sampling 
 
After DOE-LM accepted control of the Site, a small study was begun to determine the feasibility 
of using different sampling methods at wells that typically go dry during the pre-sampling purge. 
This purging activity is intended to remove stagnant, non-representative water from a well so 
that the sample represents fresh ground water. However, by purging extremely low-producing 
wells, occasionally there is insufficient recharge to collect a VOC sample within the allotted time 
(48 hours after purging). DOE-LM and some other entities have on occasion employed a “no-
purge” sampling technique at such wells. (For example, see WSPA 1996, Newell et al. 2000, and 
Barcelona 1997 for discussion of this technique.) In this use of the term “no purge,” samples are 
collected from water initially present within the well casing, rather than purging that water and 
collecting the recharge (if any). 
 
Parallel sampling at the Site was attempted in December 2005 at six wells that typically fail to 
recover during sampling. The intent was to collect a sample for analysis of VOCs using the no-
purge method, then purge the well and collect a second sample. The goal of this effort is to 
evaluate whether a transition to no-purge sampling for low-producing wells would be acceptable 
from the perspective of data usability and representativeness.  
 
Two of the wells (4787 and 4887) were dry from the start and a third (90299) failed to recover 
after the purge, resulting in three wells (00797, 10594, and 90399) providing both sets of data. In 
all cases, water was removed from the well using a decontaminated Teflon bailer, a technique 
that agitates the water column and can cause volatilization (and a corresponding decrease in 
concentrations) of VOCs, potentially blurring differences between sampling methods 
(Barcelona 1997). 
 
This study will continue in 2006, using alternate sampling methods, in order to collect sufficient 
data to support a firm conclusion. Early indications are that constituents with concentrations in 
the hundreds of µg/L or more are underrepresented in no-purge samples compared with those 
collected following a purge. See Table 3−20 for a summary of corresponding analytical data. It 
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should be noted that the no-purge method has been reported to be applicable to carefully selected 
fuel-hydrocarbon sites (Newell et al. 2000). The RFS, which is characterized by contamination 
with chlorinated solvents, may not be appropriate for this technique. 
 

Table 3−20. Comparison of Analytical Results from Samples Collected Using No-Purge and Purge-
Included Sampling Methods 

 

Well Sample Date Analyte Name Result Units Lab 
Qualifier 

12/12/2005 Trichloroethene  0.58 µg/L J 
12/14/2005 Trichloroethene  0.2 µg/L U 
12/12/2005 Uranium  26 µg/L J 

00797 

12/14/2005 Uranium  25 µg/L J 

12/12/2005 Methylene chloride  0.1 µg/L U 
12/14/2005 Methylene chloride  0.41 µg/L J 
12/12/2005 Nitrate + Nitrite as Nitrogen  0.07 mg/L  
12/14/2005 Nitrate + Nitrite as Nitrogen  0.04 mg/L B 
12/12/2005 Trichloroethene  0.51 µg/L J 
12/14/2005 Trichloroethene  0.2 µg/L U 
12/12/2005 Uranium  91 µg/L J 

10594 

12/14/2005 Uranium  95 µg/L J 

12/12/2005 1,1,1-Trichloroethane  0.15 µg/L U 
12/13/2005 1,1,1-Trichloroethane  0.17 µg/L J 
12/12/2005 1,1-Dichloroethene  1.3 µg/L  
12/13/2005 1,1-Dichloroethene  1.3 µg/L  
12/12/2005 Carbon tetrachloride  250 µg/L D 
12/13/2005 Carbon tetrachloride  310 µg/L D 
12/12/2005 Chloroform  29 µg/L D 
12/13/2005 Chloroform  37 µg/L  
12/12/2005 cis-1,2-Dichloroethene  3.8 µg/L  
12/13/2005 cis-1,2-Dichloroethene  3.3 µg/L  
12/12/2005 Methylene chloride  0.1 µg/L U 
12/13/2005 Methylene chloride  0.44 µg/L J 
12/12/2005 Tetrachloroethene  8.6 µg/L  
12/13/2005 Tetrachloroethene  9.2 µg/L  
12/12/2005 Trichloroethene  280 µg/L D 

90399 

12/13/2005 Trichloroethene  320 µg/L D 
Notes: Shaded, italicized data represent samples collected using no-purge methods. Well 90299 was also sampled using no-
purge methods, but did not recover from purging to allow collection using traditional methods. 
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4.0 Water Monitoring: Validation and Data Quality Assessment 

Data validation and verification (V&V) during CY 2005 was performed by the K-H Analytical 
Services Division and LM post-closure. Data quality assessment (DQA) is performed by Water 
Program personnel at the Site. The following section distinguishes DQA from data validation, 
and discusses the technical basis, equations, and criteria used for DQA of water. 
 
4.1 General Discussion 
 
Data validation is the principal means of assessing the usability of water analytical data. 
Validation also improves overall data quality by allowing the laboratory coordinator to closely 
monitor laboratory performance and to provide feedback to each laboratory regarding its ability 
to produce quality data that meets subcontract requirements. The laboratory coordinator may also 
use the results of data validation to direct analytical work to laboratories that demonstrate 
superior performance by generating timely, high quality analytical data for the Site. 
 
Data validation is a rigorous data review performed by the laboratory coordinator or designee on 
all of the water analytical data generated by the Site. Additionally, the Site lead may request a 
secondary detailed validation on a case-by-case basis. Data validation is currently performed as 
specified in Stoller procedure Environmental Procedures Catalog (STO 6), “Standard Practice 
for Validation of Laboratory Data,” GT-9(P) (2004). This procedure is based on the following 
EPA documents: 

• U.S. Environmental Protection Agency, July 2002, USEPA Contract Laboratory Program 
National Functional Guidelines for Inorganic Data Review, EPA540/R-01/008. 

• U.S. Environmental Protection Agency, October 1999, USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review, EPA540/R-99/008. 

• U.S. Environmental Protection Agency, June 2001, USEPA Contract Laboratory Program 
National Functional Guidelines for Low Concentration Organic Data Review, 
EPA540/R-01/006. 

• U.S. Environmental Protection Agency Office of Environmental Management, April 1997, 
Evaluation of Radiochemical Data Usability, ES/ER/MS-5. 

 
All water analytical data collected by the Site are considered valid unless data validation 
identifies analytical problems that require the data to be qualified. When it is necessary to qualify 
individual data records, standard qualifier codes (alphanumeric validation codes) are applied. 
Integer “reason codes” often accompany these validation codes, enabling the data user to 
determine why the results were qualified.  
 
Common data qualifiers used by Analytical Services Division are defined below: 

• V Valid data. Validation found no problems with the results. 

• V1 Valid data. Verification found no problems with the results. 

1 This code is often assigned to the original “TR1” record when a sample is re-
analyzed. The re-analysis “TR2” may have a “V1” code. 

• J;J1 The analytical result is estimated. 
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• U The analytical result is considered un-detected (non-detect). 

• JB Result is <RDL and estimated due to blank contamination. 

• NJ The result is presumptively estimated. 

• UJ;UJ1 The result is estimated at an elevated detection limit. 

• R Unusable data, rejected by validation. 

• R1 Unusable data, rejected by verification. 
 
Common data qualifiers used by LM are defined below. Refer to Environmental Procedures 
Catalog (STO 6), “Standard Practice for Validation of Laboratory Data,” GT-9(P) (2004)for 
formal definitions. 

• U The material was analyzed for but was not detected. The associated numerical value is 
the sample quantitation limit. 

• J The associated numerical value is an estimated quantity. 

• R The data are unusable (compound may or may not be present). Re-sampling and 
reanalysis are necessary for verification. 

• N Presumptive evidence of the presence of the material. 

• NJ Presumptive evidence of the presence of the material at an estimated quantity. 

• UJ The material was analyzed for but was not detected. The sample quantitation limit is 
an estimated value. 

 
Data validation includes the evaluation of laboratory QC data such as method blanks, laboratory 
control samples (LCS), and spike recoveries. Adherence to sample and extract holding times, 
standard analytical methods, contractual requirements, and proper documentation are also 
verified.  
 
Although DQA and data validation examine some of the same QC data, they do so from different 
perspectives. DQA (in this report) looks at the overall quality of an entire year of water data, in 
contrast to validation, which looks at the analytical details of individual data packages. data 
validation focuses on laboratory performance, while DQA focuses on interpretation of data 
describing QC samples that originated in the field, such as “field duplicate” samples and 
“equipment rinsate” samples. 
 
In contrast to data validation, the DQA performed by Water Program personnel at the Site, does 
not assign data qualifiers to individual analytical results or data packages. DQA is a second level 
of QA intended to be a general assessment of how well the water data-collection program is 
operating. The DQA is performed by evaluating water quality data in terms of the precision, 
accuracy, representativeness, completeness, and comparability (PARCC) parameters.  
 
4.2 PARCC Parameters 
 
Use of the PARCC parameters for DQA has been promoted by EPA guidance documents. 
Accuracy and precision are quantitative measures. Representativeness and comparability are 
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qualitative measures. Completeness is a combination of both quantitative and qualitative 
measures. 
 
Water Program personnel evaluate the PARCC parameters by following guidelines published in 
the following QC documents.  

• RMRS, 1998, Procedure for Evaluation of Data for Usability. 

• RMRS, 2000, Quality Assurance Program Plan for the Automated Surface-Water 
Monitoring Program. RF/RMRS-2000-013, Revision 0, March 2000. 

• RMRS, 2001, Quality Assurance Program Plan for the Groundwater Monitoring Program 
Rocky Flats Environmental Technology Site. 

 
The following subsections discuss the PARCC parameters and the types of data available to 
assess them. 
 
4.2.1 Criteria for Precision 

The precision of a measurement is an expression of the mutual agreement between duplicate 
measurements of the same property taken under similar conditions. Precision can be expressed 
quantitatively by the relative percent difference (RPD) between real and field duplicate samples 
for metals, VOCs, polychlorinated biphenyls and water quality parameters as defined by the 
following equation: 
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where: S = Concentration of analyte in Real Sample 

D = Concentration of analyte in Duplicate Sample 
Undetects are not included 

 
The Site uses the “Duplicate Error Ratio” (DER) to quantify the precision of radionuclide 
activity data: 
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where: TPUS = Total Propagated Uncertainty of the Sample 

TPUD = Total Propagated Uncertainty of the Duplicate 
 S = Sample Result 
 D = Duplicate (or Lab Replicate) Result 
 
Because TPU is seldom reported with radionuclide activity data, the two-sigma error or random 
counting error has been substituted for TPU in the uranium, americium, and plutonium 
calculations made for this report.  
 
The Site QC criterion for water RPDs is that individual RPDs should be ≤30 percent. The 
analogous criterion for DERs is to be ≤1.96. The overall goal for the water dataset is to have 
85 percent of the RPD and DER values comply with the QC criteria. 
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4.2.2 Criteria for Accuracy 

Accuracy is the degree of agreement for a measurement with an accepted reference or true value 
and is a measure of the bias in a system. The closer the measurement is to the true value, the 
more accurate the measurement. The Site validation process is the principal means for evaluating 
the accuracy of analytical results. 
 
Because the Site V&V process compares the actual analytical methods used by each laboratory 
to the contract-required analytical methods, the Water Program does not repeat this evaluation. 
 
Matrix spike (MS) and matrix spike duplicate (MSD) recoveries are reported by the analytical 
laboratories for most non-radionuclide analytical suites. Criteria for acceptable MS recoveries 
vary between laboratories, depending on the analyte, and the analytical method. The Water 
Program criterion for acceptable MS results ranges from 75 to 125 percent recovery.  
 
LCS recoveries for radionuclides are often available for water-quality data. Laboratories in 
practice will commonly accept LCS values in the range of 70−130 percent. LCS percent 
recoveries between the 70−130 percent laboratory range and the 75−125 percent QC range 
required by the Site laboratory contracts are examined by data validators for acceptability on an 
analyte-by-analyte basis. The Water Program criterion for acceptable LCS recoveries ranges 
from 75 to 125 percent recovery. 
 
Because some laboratories reported LCS results in pCi/L, while others calculated percent 
recovery, the Site uses the “relative bias” reporting criterion. The relative bias criterion is defined 
in the BOA by the following formula (see Page J-6 of the National BOA, Section 2.3.2.5): 
 

Relative Bias = (Observed – Known) / Known 
 
where: Observed = measured activity of LCS standard (pCi/L) 

Known = known activity of LCS standard (pCi/L) 
 
Acceptable values for relative bias results range from –0.25 to +0.25. 
 
4.2.3 Criteria for Representativeness 

Representativeness in DQA is limited to an evaluation of whether analytical results for field 
samples are truly representative of environmental concentrations, or whether they may have been 
influenced by the introduction of contamination during collection and handling. The potential 
introduction of contamination is commonly evaluated by examination of the analytical results for 
equipment rinsates. 
 
Equipment rinsates are used to assess the efficacy of the decontamination process used to clean 
water sampling equipment. Analytes detected in rinsate samples indicate possible cross-
contamination between environmental samples. Rinsates are samples of volatile-free “distilled” 
water that have been poured over or through decontaminated sampling equipment and 
subsequently handled in the same manner as environmental samples. For flow-paced composite 
samples that are collected over time in carboys, a location-specific “rinse carboy” is prepared 
using distilled water. This carboy is treated the same as other surface-water samples from that 
location, and analyzed for the same parameters. Analytical data from these rinse carboys are used 
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to assess how well the carboys were cleaned between field deployments and to determine if 
contamination was introduced during sample preparation.  
 
Although rinsates are used specifically as indicators of cross-contamination from improper 
decontamination of equipment, they are carried through the entire sampling, shipping, and 
laboratory process. Therefore, they are good indicators of potential contamination introduced 
during any of these steps. 
 
4.2.4 Criteria for Completeness 

A qualitative measure of completeness is the rate of successful sampling. The DQA verifies that 
all planned samples were collected, unless insufficient water was available for sampling. The 
completeness goal for successful sampling is the collection of at least 90 percent of the planned 
samples. However, the availability of water is outside the control of the Water Program. If all 
required stations were visited, sampling completeness is considered acceptable.  
 
Completeness as a quantitative measure of data quality may be expressed as the percentage of 
valid or acceptable data obtained from a measurement system. The Site tracks analytical 
laboratory performance through both the shipment of samples to the laboratory and the receipt of 
data from the laboratory. The also evaluates data completeness on the following formula: 
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where: DPu = Percentage of usable data points 

DPt = Total number of data points 
DPn = Non-usable (rejected) data points 

 
The completeness criterion is having > 90 percent valid samples. 
 
4.2.5 Criteria for Comparability 

Comparability is a qualitative parameter. Consistency in the acquisition, handling, and analysis 
of samples is necessary for comparing results. Data developed under the Water Program are 
collected in accordance with Site SOPs, transported per Site SOPs and U.S. Department of 
Transportation shipping regulations, and analyzed using standard EPA, or nationally recognized 
analytical methods. This helps to ensure comparability of results with other analyses performed 
in a similar manner.  
 
The laboratory coordinator or designee verifies that laboratory analyses are performed according 
to the standard protocols specified by the Site subcontract to each laboratory. Therefore, the 
analytical results should be comparable to data produced by similar methods. 
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4.3 Water DQA Results CY 2005 
 
During CY 2005, 137 locations were sampled one or more times.34 This resulted in a total of 
468 water samples collected. During CY 2005, 1,033 bottles of water were submitted to 
analytical laboratories for analysis. The following table breaks this data down by sample type. 
 

Table 4−1. CY 2005 Sample Type Breakdown 
 

 Unique Water Samples Unique Bottle Codes 
Primary samples (REALs) 425 1033 
Field duplicates (DUPs) 20 57 
Rinsates (RNSs) 23 73 
Totals 468 1163 

 
 
Data used to evaluate the PARCC parameters are included in the available CY 2005 analytical 
data generated by the laboratories. These include analyses of field duplicate and rinsate QC 
samples submitted to the laboratory, and laboratory generated QA/QC samples such as LCS. The 
DQA of these analyses is discussed below by each PARCC parameter. 
 
As of the publication of this report, QA/QC information was not available for all samples. 
Therefore, the assessment is performed using all available information. The following list details 
the deficiencies: 

• Metals validation qualifiers for one sample were not available. 
 
4.3.1 Precision During CY 2005 

DERs are indicators of precision for radionuclide analyses. The QC criterion for precision 
requires that individual DER values should be ≤1.96, and overall the dataset should have 
≥85 percent compliance with the criterion. Appendix Table B-1 is a tabulation of the DER values 
for CY 2005 radionuclide analyses. The table has been sorted by the DER parameter so that the 
range of values is apparent. The DER range is from 0.02 to 1.16.  
 
Table 4−2 summarizes the DER findings of Table B-1 and indicates if the 85 percent goal has 
been met. Overall, 100 percent of the DER data are in compliance with the criterion, indicating 
excellent precision for radionuclide analyses. 
 

Table 4−2. Summary of Duplicate Error Ratio Values 
 

Analyte Group 
Total Number 

of DER 
Results 

Number of 
Unacceptable 

Results DER>1.96 

Number of 
Acceptable 

Results 

Percentage 
Acceptable Goal Met 

Radionuclides 31 0 31 100% Yes 

 
 

                                                 
34 This PARCC analysis is limited to data collected at the water monitoring locations covered in this report. Other 
data collected in CY 2005 at locations that are now discontinued are not included. 



 

 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 4–7 

RPD between real and field duplicate sample results is an indicator of precision for non-
radionuclide analyses. Individual RPD values should be ≤30 percent and at least 85 percent of 
the RPDs should comply with the criterion. Appendix Table B-2 tabulates RPD values and is 
sorted first by analyte suite, then by RPD, in order to highlight the RPD range of each suite. RPD 
values ranged from 0.0 percent to 118.5 percent for metals, 0.0 percent to 18.3 percent for water 
quality parameters, and 0.0 percent to 112.5 percent for VOCs/SVOCs. 
 
Table 4−3 summarizes the RPD findings of Table B-2 and indicates if the 85 percent goal has 
been met. During CY 2005, the RPD goal was met for metals and for water quality parameters 
(WQP). The RPD goal was nearly met for VOCs/SVOCs at 82.3 percent. Overall, the non-
radionuclide data had 89.3 percent acceptable RPDs, and therefore exceeded the 85 percent goal. 
 

Table 4−3. Summary of RPD Values 
 

Analyte 
Group 

Total Number of 
RPD Results 

Number of 
Unacceptable 

Results RPD>30% 

Number of 
Acceptable 

Results 

Percentage 
Acceptable Goal Met 

Metals 131 13 118 90.1 Yes 

WQP 13 0 13 100 Yes 
VOC/SVOC 34 6 28 82.3 No 
Totals 178 19 159 89.3 Yes (overall) 

 
 
4.3.2 Accuracy During CY 2005 

MS recoveries provide another measure of accuracy. Appendix Table B-3 displays recoveries for 
2,203 MS and MSD analytical records for metals, VOCs/SVOCs, and WQPs. This data is 
summarized in Table 4−4. All individual suites met the goal with greater than 90 percent of their 
spike recoveries falling in the acceptable range. Overall, across all analytical suites, the 
percentage of acceptable MS/MSD results was 92.2 percent. 
 

Table 4−4. Summary of MS and MSD Recovery Data 
 

Analyte Group 
Total Number 
of MS & MSD 

Results 

Number of 
Low Results 
Below 75% 

Number of 
High Results 
Above 125% 

Number 
Acceptable 

Percentage 
Acceptable Goal Met 

Metals 1,310 60 58 1,192 91.0 Yes 

WQP 139 3 0 136 97.8 Yes 
VOC/SVOC 754 23 27 704 93.4 Yes 
Totals 2,203 86 85 2,032 92.2 Yes (overall) 

 
 
Appendix Table B-4 contains 417 relative bias values for LCSs. These are used by the Site to 
evaluate the accuracy of radionuclide analyses. The QC criterion for the acceptable range of 
relative bias values is from –0.25 to +0.25. During the CY 2005, the bias ranged from −0.231 to 
+0.171. All of the data met the QC criterion. 
 
LCS results for non-radionuclide suites were available for metals, VOCs/SVOCs, and water 
quality parameters (including anions). These LCS recoveries are tabulated in Appendix 
Table B-5, which is sorted by analyte group, then by percent recovery. There are 2,223 LCS data 
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records for metals. Except for one lithium record, all of the LCS recoveries for metals fell in the 
range 86.4 percent to 118 percent and were within the 75 percent to 125 percent acceptable QC 
range. There are 620 LCS data records for VOCs/SVOCs. LCS recoveries for VOCs/SVOCs fell 
between 43 percent and 133 percent. Fifty-seven records are outside the 75 percent to 
125 percent acceptable QC range (90.8 percent acceptable). There are 143 LCS data records for 
WQPs. LCS recoveries for WQPs fell between 93 percent and 110 percent and were all 
acceptable. Overall for non-radionuclides, 97.4 percent of the LCS recoveries indicate that 
CY 2005 water analytical data for metals, VOCs/SVOCs, and water quality parameters are of 
high accuracy. 
 
Another aspect of accuracy is “rejected data.” Out of 19,041 analytical records representing 
reals, duplicates and rinsates during CY 2005, 545 records were rejected (R or R1 qualified) 
during data V&V. Another way to state this is that 97.1 percent of the analytical data collected 
during the year were considered to be valid and usable. Appendix Table B-6 lists the 
545 rejected records. 
 
4.3.3 Representativeness During CY 2005 

As defined earlier, representativeness is an evaluation of the sampling procedure for its ability to 
reflect the true concentrations of contaminants in water. Equipment rinsate samples ( and ‘rinse 
carboys’) are used by the Site to determine whether there is introduced contamination from 
improper or incomplete decontamination of the sampling equipment.  
 
During CY 2005 a total of 1,530 rinsate analytical records were generated for metals, 
radionuclides, VOCs/SVOCs, and water quality parameters. The majority of these records lack 
evidence of contamination. The remaining 77 records are tabulated in Appendix Table B-7. 
Forty-seven of these are B-qualified inorganic data which constitute only weak evidence of 
contamination. The “B” qualifier indicates that the concentrations are above the instrument 
detection limit, but below the method detection limit. Ten records are J-qualified indicating an 
estimated quantification/result. 
 
Only 18 records (1 percent; at the top of Table B-7) provide substantial evidence of inadequate 
decontamination of a sample carboy or equipment. Overall, there is very little evidence of 
introduced contamination during CY 2005 water sampling and/or shipping activities. Most of the 
1,530 rinsate records appear to be clean. Therefore water quality data for the year are judged to 
be representative of the actual water concentrations. 
 
Because all required sampling locations were visited, and the samples that could be collected 
were analyzed, analyses for the year are judged to be representative with respect to spatial 
coverage. 
 
4.3.4 Completeness During CY 2005 

If sufficient water is available for sampling, the goal is to have ≥90 percent successful sampling 
of all required locations. However, the availability of water is beyond the control of the samplers. 
Surface water monitoring during CY 2005 targeted sampling at up to 16 surface water sampling 
locations. In actuality, samples were collected at each of the 16 sites and were submitted to the 
laboratory for analysis. Ground water monitoring during CY 2005 targeted sampling at 
120 wells. In actuality, samples were collected at 118 wells and were submitted to the laboratory 
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for analysis. Therefore the sampling success rates for surface water and ground water were 
100 percent and 98 percent, respectively. These percentages during CY 2005 exceeded the 
completeness goal. 
 
V&V completeness is summarized in Table 4−7. This table compiles by analyte group, the total 
number of data points for reals, duplicates and rinsate samples. It then subtracts rejected data 
points, and subtracts points that lack validation qualifiers. The result is the net number of usable 
validated or verified data points, and this is expressed as percent usable data, or percent V&V 
completeness. The QC goal for completeness is ≥90 percent. Note that only analytical data are 
validated, so Table 4−7 excludes field measurements and physical methods such as sieving.  
 
Validation completeness for all suites exceeded 97 percent and exceeded the completeness goal. 
Therefore from the perspective of V&V completeness, the CY 2005 water data are acceptable. 
 
Another measure of completeness is that an adequate number of QC samples (field duplicates 
and equipment rinsates) must be collected to meet QC requirements. The recommended 
frequency for collecting duplicate samples is one duplicate (DUP) per 20 or fewer primary 
(REAL) water samples. In other words, duplicates should be collected at a 5 percent or greater 
frequency per REAL sample. Like duplicates, rinsate samples (RNS) are also to be collected at a 
5 percent or greater rate.  
 
The sample collection frequencies of REAL, DUP, and RNS samples are tabulated by analyte 
group in Table 4−6. The ratios of REAL/DUP samples shown in Table 4−6 meet water program 
QC goals with one DUP per 13.6 REALs. Across all analyte suites and samples collected during 
the year, the overall frequency of duplicates was 7.33 percent, exceeding program goals 
(≥5 percent). 
 
The ratios of REAL/ RNS samples in Table 4−6 also meet program QC goals with one rinsate 
per 12.6 REALs. Overall, across all suites and samples collected during the year, the rinsate 
collection frequency was 7.92 percent, exceeding program goals (≥5).  
 

Table 4−5. Summary of Validation and Verification Data Completeness 
 

Analyte 
Group 

Number of 
Data Points 

Number of 
Unvalidated Points 

Number 
Rejected 

Net Usable 
Points 

Percent 
Completeness 

Goal 
Met 

Metals 3,325 36 7 3,282 98.7 Yes 
Radionuclides 1,023 0 20 1,003 98.0 Yes 
WQP 260 3 5 252 96.9 Yes 

VOC/SVOC 14,433 13 513 13,907 96.4 Yes 
 

 
Sum of 

Number of 
Data Points 

Sum of Number of 
Unvalidated Points 

Sum of 
Number 
Rejected 

Sum of Net 
Usable 
Points 

Overall 
Completeness 

Goal 
Met 

Totals 19,041 52 545 18,496 97.1 Yes 
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Table 4−6. Summary of Field Quality Control Samples and Data Records 
 

Analyte 
Group 

Number 
of 

Locations 
Sampled 

for 
REALs 

Number 
of 

Locations 
Sampled 
for DUPs 

Number 
of 

Locations 
Sampled 
for RNSs 

Ratio 
REALs/ 
DUPs 
(Goal 
<20) 

Ratio 
REALs/ 
RNSs  
(Goal 
<20) 

Number 
REAL 

Records 

Number 
DUP 

Records 

Number 
RNS 

Records 

Total 
Records 

Metals 101 11 14 9.18 7.21 2,847 233 245 3,325 
Radionuclides 34 7 10 4.86 3.40 942 33 48 1,023 

WQP 60 7 12 8.57 5.00 225 14 21 260 
VOC/SVOC 115 11 11 10.5 10.5 12,507 931 995 14,433 
Totals 136 16 19 8.50 7.16 16,521 1,211 1,309 19,041 
Percentages    11.8% 14.0%  7.33% 7.92%  

 
 
4.3.5 Comparability During CY 2005 

No changes were made to water sampling or analytical procedures during CY 2005. Therefore, 
the analytical data generated during the year should be comparable to corresponding analyses 
from previous years.  
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5.0 Air Monitoring 

5.1 Introduction 
 
Air monitoring and emissions assessments have been performed at the Site since the Site began 
operations in the early 1950s. The Site has historically been subject to 40 CFR 61, Subpart H 
which specifies radionuclide air emissions limitations and monitoring requirements for DOE 
facilities. However, the Site has undergone decommissioning and environmental restoration 
activities pursuant to the RFCA (DOE 1996b), with physical completion (including building 
demolition, waste shipment, soil remediation, and surface water protection) accomplished in 
fall 2005. As of September 28, 2005, all accelerated actions were complete and no buildings, 
structures, or operations remained that had the potential to emit radionuclides. As a result, the 
remaining DOE-retained lands are no longer a “facility” as defined in 40 CFR 61.91(b) and 
40 CFR 61, Subpart H, no longer applies. 
 
Compliance with the 10-millirem (mrem) standard is determined by comparing environmental 
radionuclide air concentration measurements at specified air monitoring locations around the 
perimeter of the Site with the “Concentration Levels for Environmental Compliance” listed in 
Table 2 of Appendix E to 40 CFR 61. Compliance is demonstrated when each measured 
radionuclide air concentration is less than its corresponding compliance level in Table 2 and 
when the fractional sum of all radionuclides is less than 1. For 2005, each measured radionuclide 
air concentration was less than 3 percent of the corresponding concentration level for 
environmental compliance and the fractional sum of all radionuclides was less than 3 percent of 
the allowable level at the sampler with the highest fractional sum (the critical receptor). The 
highest fractional sum measured in 2005 corresponds to a 9-month calendar year dose of 
0.275 mrem (2.75 percent of the 10-mrem standard) and a rolling 12-month dose of 0.227 mrem 
(2.27 percent of the 10-mrem standard). 
 
Other air monitoring was performed around specific facility areas that were determined to have 
had the potential to have been significantly contaminated with radionuclides (or beryllium) prior 
to the cleanup of those project areas. While the areas had little actual potential to emit significant 
levels of contaminants into the air during demolition, monitoring was performed to verify low 
emissions. The results of those monitoring activities are detailed in project close-out reports and 
not reported here. 
 
Airborne radionuclides appear to have been dominated by naturally occurring uranium isotopes 
at most sampling locations in 2005, as has been the case in previous years. Across all compliance 
samplers, uranium isotopes characteristic of naturally occurring uranium contributed an average 
of 67 percent of the fractional sum.  
 
Following completion of accelerated actions under RFCA and removal of all buildings, 
structures, and operations emitting airborne radionuclides, sampling at 11 of the 14 compliance 
sampling locations has been discontinued.  
 
5.2 CY 2005 Air Emissions Source Description 
 
Potential air-emitting activities involving radioactive material handling at the Site during 2005 
focused on environmental restoration, building decommissioning and demolition, waste 
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processing, and shipping support. Most of the radionuclide air emissions from the Site resulted 
from nonpoint, diffuse sources, including mechanical and natural disturbances of contaminated 
soil and debris. Soil contamination was the result of past radioactive material spills and other 
releases. In addition, the soils on and around the Site contain small quantities of naturally 
occurring radionuclides. Decommissioning and demolition of former processing buildings also 
contributed to diffuse radionuclide emissions. 
 
5.2.1 Activities Evaluated for Air Emission Potential in Calendar Year 2005 

Ten specific activities that potentially contributed to the Site air pathway dose in CY 2005 are 
described below. As part of the project evaluation process (prior to the startup of each project), 
the maximum annual (controlled) off-Site EDE that could result from each new or modified 
activity was calculated to determine approval and notification requirements as specified in 
40 CFR 61, Subpart H. Maximum potential radionuclide emissions were estimated using 
emission and control factors from Appendix D to 40 CFR 61, combined with information 
regarding radionuclide contaminant levels and material forms, radionuclide release mechanisms, 
and the radionuclide emission controls employed. In cases where HEPA filters were employed, 
credit was taken for a maximum of two stages, although up to four stages may actually have been 
employed. Emissions were modeled using the Clean Air Act Assessment Package-1988 
(CAP88-PC), and recent Site meteorological data to estimate annual EDEs at the most impacted 
off-Site residence and business locations. 
 
Detailed data and calculations used to develop emission estimates and resulting dose projections 
are maintained in archived Site files. The estimated EDE (shown below) for each new 
construction or modification was less than 1 percent of the 10-mrem (0.1-mSv) standard, and 
construction approval and startup notification were unnecessary under 40 CFR 61.96. 
The project- or process-specific EDEs used in making regulatory applicability decisions 
regarding approval requirements are discussed below. 
 
5.2.1.1 Building 707 Demolition 
 
Building 707 was demolished in 2005. The building did not meet free release criteria for 
radionuclide contamination. Total weapons grade plutonium activity present when the building 
was demolished was estimated to be 147.257 microcuries (µCi). 
 
The EDE estimation used the total estimated plutonium activity, and the demolition release rate 
approved in the peer reviewed Building 776/777 Air Modeling Technical Document 
(K-H 2002c). The maximum annual off-Site EDE from the project was estimated to be 3.6 × 10−7 
mrem (3.6 × 10−9 mSv). 
 
5.2.1.2 Building 444 Cluster Demolition 
 
The Building 444 Cluster (Buildings 444, 445, and 450) was demolished in 2005. The building 
cluster did not meet free release criteria for radionuclide contamination and was designated as a 
Type II facility. Total fixed depleted uranium mass present when the cluster was demolished was 
estimated to be 7.15 × 103 grams. 
 



 

 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 5–3 

The EDE estimation used the total estimated depleted uranium activity, and the demolition 
release rate approved in the peer reviewed Building 776/777 Air Modeling Technical Document 
(K-H 2002c). The maximum annual off-Site EDE from the project was estimated to be  
2.2 × 10−6 mrem (2.2 × 10−8 mSv). 
 
5.2.1.3 Building 883 Demolition 
 
Building 883 was demolished in 2005. The building did not meet free release criteria for 
radionuclide contamination. Total depleted uranium mass present when the building was 
demolished was estimated to be 1.36 × 105 grams. 
 
The EDE estimation used the total estimated depleted uranium activity, and the demolition 
release rate approved in the peer reviewed Building 776/777 Air Modeling Technical Document 
(K-H 2002c). The maximum annual off-Site EDE from the project was estimated to be  
4.9 × 10−5 mrem (4.9 × 10−7 mSv). 
 
5.2.1.4 Building 528 Demolition 
 
Building 528 was demolished in 2005. The building did not meet free release criteria for 
radionuclide contamination. Total weapons grade plutonium mass present when the building was 
demolished was estimated to be 0.1 grams. 
 
The EDE estimation used the total estimated weapons grade plutonium activity, and the 
demolition release rate approved in the peer reviewed Building 776/777 Air Modeling Technical 
Document (K-H 2002c). The maximum annual off-Site EDE from the project was estimated to 
be 2.0 × 10−5 mrem (2.0 × 10−7 mSv). 
 
5.2.1.5 Building 559 Demolition 
 
Building 559 was demolished in 2005. The building did not meet free release criteria for 
radionuclide contamination. Total weapons grade plutonium mass present when the building was 
demolished was estimated to be 0.243 grams. 
 
The EDE estimation used the total estimated weapons grade plutonium activity, and the 
demolition release rate approved in the peer reviewed Building 776/777 Air Modeling Technical 
Document (K-H 2002c). The maximum annual off-Site EDE from the project was estimated to 
be 4.8 × 10−5 mrem (4.8 × 10−7 mSv). 
 
5.2.1.6 Building 374 Demolition 
 
Building 374 was demolished in 2005. The building did not meet free release criteria for 
radionuclide contamination. Total weapons grade plutonium activity present when the building 
was demolished was estimated to be 7.2 × 10−8 curies. 
 
The EDE estimation used the total estimated weapons grade plutonium activity, and the 
demolition release rate approved in the peer reviewed Building 776/777 Air Modeling Technical 
Document (K-H 2002c). The maximum annual off-Site EDE from the project was estimated to 
be 1.5 × 10−6 mrem (1.5 × 10−8 mSv). 
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5.2.1.7 Building 371 Demolition 
 
Building 371 was demolished in 2005. The building did not meet free release criteria for 
radionuclide contamination. Total weapons grade plutonium activity present when the building 
was demolished was estimated to be less than 1 gram. 
 
The EDE estimation used the total estimated weapons grade plutonium activity, and the 
demolition release rate approved in the peer reviewed Building 776/777 Air Modeling Technical 
Document (K-H 2002c). The maximum annual off-Site EDE from the project was estimated to 
be 1.8 ×10−4 mrem (1.8 × 10−6 mSv). 
 
5.2.1.8 Building 776 Demolition 
 
Building 776 was demolished in 2005. The building did not meet free release criteria for 
radionuclide contamination. Total weapons grade plutonium activity present when the building 
was demolished was estimated to be 141,431 µCi. 
 
The EDE estimation used the total estimated weapons grade plutonium activity, and the 
demolition release rate approved in the peer reviewed Building 776/777 Air Modeling Technical 
Document (K-H 2002c). The maximum annual off-Site EDE from the project was estimated to 
be 3.5 × 10−4 mrem (3.5 × 10−6 mSv). 
 
5.2.1.9 Building 776 Soil Remediation 
 
Contaminated soils associated with Building 776 were remediated in 2005. Total contaminated 
soil was estimated to be 11,111 cubic yards (8,495 m3). Maximum radionuclide contamination 
was measured at 1 nanocurie per gram weapons grade plutonium. 
 
The EDE estimation used the total volume of contaminated soil, maximum detected 
contamination levels, and emission factors from EPA’s Compilation of Air Pollutant Emission 
Factors, AP-42 (EPA 1995). The maximum annual off-Site EDE from the project was estimated 
to be 1.7 × 10−3 mrem (1.7 × 10−5 mSv). 
 
5.2.1.10 B-Series Ponds Sediment Remediation 
 
In 2005, contaminated sediments in the B-series ponds continued to be stabilized and removed. 
Approximately 27,672 cubic yards (21,157 m3) of stabilized contaminated sediment were 
removed in 2004 and 2005. Representative contamination levels were 53 picocuries per gram 
(pCi/g) Am-241, and 285 pCi/g Pu-239/240. 
 
The EDE estimation used the total volume of contaminated sediment, maximum detected 
contamination levels, and emission factors from EPA’s Compilation of Air Pollutant Emission 
Factors, AP-42 (EPA 1995). The maximum annual off-Site EDE from the project was estimated 
to be 4.1 × 10−3 mrem (4.1 × 10−5 mSv). Although emissions from this project occurred in both 
2004 and 2005, the entire estimated dose from the project was conservatively assigned to both 
the 2004 and 2005 Site-wide emission estimates.  
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5.3 Air Emissions from Point Sources 
 
This section discusses and quantifies radionuclide emissions from discrete source locations on 
the Site during CY 2005. The stacks, vents, and other points where radioactive materials were 
released to the atmosphere are described, and control measures employed by the Site to minimize 
emissions are discussed. The emissions discussed in this section include all isotopes that may 
have the potential to contribute 10 percent or more to the Site’s total air pathway EDE. These 
include: 

• Uranium isotopes typical of the depleted and enriched uranium that have been used at the 
Site, as well as uranium isotopes that are naturally present in site soils; 

• Pu-239/240, which contributes more than 97 percent of the alpha activity in Site plutonium; 
and 

• Am-241, a decay product of Pu-241, which is a minor component of the weapons-grade 
plutonium that was used at the Site. 

 
5.3.1 Measured Point Source Emissions 

Radionuclide emissions released through stacks and vents are termed “point” sources and 
sampling from such points is termed effluent sampling. During CY 2005, radionuclide emissions 
were collected and measured at one significant release point. Sampling had been discontinued at 
other potential release points prior to 2005 because those points were undergoing active 
decommissioning, making it impractical to continue effluent monitoring, or because the 
buildings had been demolished. During active decommissioning, air flow through the ventilation 
systems is disturbed sufficiently that the measurement and quantification of radionuclide releases 
becomes unreliable and no longer representative. In some cases the sampler locations themselves 
were necessarily compromised by removal of necessary infrastructure.  
 
As of December 31, 2004, effluent sampling was limited to Building 440. The Building 440 
sampling system was shut down in April 2005, at which point effluent sampling was 
permanently discontinued at RFETS. Measured CY 2005 emissions of plutonium, americium, 
and uranium are shown in Table 5−1.  
 

Table 5−1. Measured Point Source Radionuclide Emissions 
 

Isotope Emissions 
(Ci/yr) b,c,d Building/ 

Locationa 
Pu-239/240 Am-241 U-233/234 U-235 U-238 

440-101 1.385E-10 1.215E-10 8.049E-10 9.147E-11 6.011E-11 
a The first number in this column designates the building cluster, the second set of characters designates the specific duct(s) or 
vent(s). The location of 440-101 is shown in Figure 5−1 of this report. 
b Values were corrected for filter blanks. 
c Vent 404-101 was controlled by HEPA filters with a tested control efficiency of at least 99.97%. 
d All isotopes that could contribute greater than 10 percent of the potential EDE for a release point were measured.  
 
Notes: 
Am = Americium Ci/yr = Curies per year, 1 Ci = 3.7 x 1010 Becquerel (Bq) 
E# = x 10# EDE = Effective dose equivalent 
HEPA = High efficiency particulate air Pu = Plutonium 
U = Uranium 
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5.3.2 Calculated Point Source Emissions 

During 2005, several point sources operated at the Site that did not trigger continuous sampling 
requirements because they had low emission potential or were of short duration. Sources that 
continued operation from 2004 included several activities in Tent 5 at the 750 Pad, including a 
drum crusher, and repackaging of waste chemicals, low-level, and low-level mixed waste; 
repackaging of TRU-mixed waste at the 750 Pad; and the Trailer 130A laboratory. No new point 
sources were initiated in 2005. Point sources with calculated emissions that continued operation 
from 2004 are described below, along with emissions from a minor tritium release during 
repacking operations in Building 440. Emissions were calculated for these insignificant release 
points as described in Section 5.2.1. Table 5−2 shows calculated point source emission estimates 
for CY 2005. 
 
5.3.2.1 750 Pad, Tent 5 Drum Crusher 
 
In 2000, a drum crusher was installed within the Tent 5 containment structure at the 750 Pad; 
intermittent operations continued into 2005. The maximum contamination level of the drums 
crushed during 2005 was 100,000 disintegrations per minute per 100 square centimeters 
(dpm/cm2). 
 
The containment structure air exhausted through a single-stage HEPA filter. For 2005, dose 
calculations were based on the conservative assumptions that the crusher would operate at the 
maximum process rate 24 hours per day, 5 days per week, 52 weeks per year and that each drum 
was contaminated at 100,000 dpm/100 cm2 over the entire surface area. In fact, the drum crusher 
operated intermittently for only the first few months of 2005, so the actual emissions would have 
been substantially less than shown. 
 

Table 5−2. Calculated Point Source Radionuclide Emissions 
 

Isotope Emissions 
(Ci/yr) a Activity or Building 

Pu-239/ 
240 Am-241 U-233/ 

234 U-235 U-238 Tritium 

750 Pad, Tent 5 Drum Crusherb 4.7E-08 4.2E-09 -- -- -- -- 
Trailer 130A Laboratoryb 1.1E-09 1.3E-10 -- -- -- -- 
750 Pad, Tent 5 Low-level and 
Low-level Mixed Waste 
Repackagingb 

1.4E-07 1.6E-08 -- -- -- -- 

750 Pad, Tent 5 Waste Chemical 
Repackagingb 2.2E-06 2.3E-07 -- -- -- -- 

Building 440 Repackaging -- -- -- -- -- 2.1E-09 
a Emissions of all isotopes that could contribute greater than 10% of the potential EDE for a release point were estimated. Isotopes 
for which emissions were not estimated are shown as “--“. The locations of the release points listed are shown in Figure 5−1 of this 
report. 
b HEPA filtration used with a control efficiency of at least 99.97 percent. 
 
Notes: 
Am = Americium  Ci/yr = Curies per year, 1 Ci = 3.7 x 1010 Becquerel (Bq) 
E# = x 10# EDE = Effective dose equivalent 
HEPA = High efficiency particulate air Pu = Plutonium 
U = Uranium -- = Not estimated/negligible 
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Figure 5−1. Industrial Area Source Locations 2005 
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5.3.2.2 Trailer 130A Laboratory 
 
In 2005, Trailer 130A was used for radiological sample collection, receiving, packaging, and 
shipping, as well as gamma spectroscopy operations and low-level analytical services. Maximum 
process rates, and worst-case scenario radiological activity, were taken from Appendix 2 of the 
“Auditable Safety Analysis” document for Building T130A (K-H 2003). 
 
Low-level sample work was performed in fume hoods, and high-level sample work was 
performed in gloveboxes that exhausted through at least one stage of HEPA filters. The off-Site 
EDE was calculated based on the maximum process rates, worst-case scenario radiological 
activity, and an emission factor from Appendix D to 40 CFR 61. 
 
5.3.2.3 750 Pad, Tent 5 Repackaging of Waste Chemicals 
 
In 2005, drums of legacy waste chemicals were repackaged in Tent 5 on the 750 Pad. The drums 
were evaluated, characterized, and repackaged for off-Site disposal, or returned to on-Site 
storage. 
 
The repackaging operation exhausted through two stages of HEPA filters. Dose calculations for 
this project were based on the conservative assumption that all drums were at the maximum 
concentration for low-level waste (100 nanocuries plutonium per gram waste), on the assumption 
that there would be 20 drums open to the atmosphere at all times, and on emission factors from 
40 CFR 61, Appendix D. 
 
5.3.2.4 750 Pad, Tent 5 Repackaging of Low-level/Low-level Mixed Waste 
 
In 2005, low-level/low-level mixed waste was repackaged in Tent 5 on the 750 Pad. Waste 
drums and boxes that were identified as non-compliant for off-Site disposal were transported to 
Tent 5, characterized, sorted, and repackaged to bring them into compliance. The repackaged 
containers were then stored for shipment to an approved off-Site disposal facility. 
 
Negative air pressure was maintained within the repackaging containment structures, and 
exhausted through at least one stage of HEPA filters. Dose calculations for this project were 
based on the conservative assumption that all waste forms were at the maximum concentration 
for low-level waste (100 nanocuries plutonium per gram waste), on the assumption that the 
process would operate at its maximum design rate, and on emission factors from 40 CFR 61, 
Appendix D. 
 
5.3.2.5 Tritium Release in Building 440 
 
In 2005, tritium was released from a drum in Building 440. The concentration of tritium in the 
drum was estimated to be 200 µCi per cubic meter. The EDE estimation used the total volume of 
a drum (208 m3) and the measured tritium concentration.  
 



 

 
Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy 
Doc. No. S0235400 June 2006 
Page 5–10 

5.3.2.6 Unmonitored Building Stacks and Vents 
 
Small amounts of radionuclides continued to be released from various insignificant release points 
during a portion of 2005. Individually, none of these release points had the potential to release 
radionuclides in amounts that could result in an off-Site EDE in excess of 1 percent of the 
10 mrem standard, even if the emissions were uncontrolled. Many of these release points were 
controlled by two or more stages of HEPA filters; consequently, actual emissions would have 
been a fraction of a percent of the standard limitation. As a result, no attempt has been made to 
estimate emissions from these sources; instead, the compliance sampling network data have been 
used to demonstrate that none of these points released significant quantities of radionuclides 
during CY 2005 (see Section 5.4 of this report). 
 
5.3.3 Control Technology for Point Sources 

HEPA filters were used to control radioactive particulate matter emissions from air effluent 
systems, including vent 440-101, until the ducts or related infrastructure were decommissioned . 
Effluent air from areas where plutonium or plutonium-contaminated wastes were processed was 
typically cleaned by a minimum of four stages of HEPA filters. Effluent air from uranium 
processing areas was generally cleaned by a minimum of two stages of HEPA filters. HEPA 
filters meet a minimum filter efficiency of 99.97 percent (Novick et al. 1985).  
 
The Trailer 130A laboratory operations, and the 750 Pad Tent 5 chemical repackaging, 
TRU-mixed sludge repackaging, low-level/low level mixed waste repackaging, and drum crusher 
operations were each controlled by a minimum of one HEPA filter. 
 
5.4 Air Emissions from Diffuse Sources 
 
Radionuclide emissions that are not released through specific stacks or vents are termed 
“nonpoint” or diffuse sources. Table 5−3 summarizes emissions from diffuse sources for 
CY 2005. 
 
5.4.1 Diffuse Source Descriptions 

In CY 2005, diffuse sources of radionuclide emissions at the Site included resuspended 
contaminated soils caused by wind erosion and by mechanical disturbance due to excavation, 
handling, and vehicle traffic. Mechanical disturbance of contaminated soils was associated with: 

• B-Series Ponds Sediment Remediation (continued from 2004); and 

• Building 776 Soil Remediation 
 
CY 2005 nonpoint sources also included the demolition of Buildings 707, 776, 371, 374, 883, 
444, 559, and 528. 
 
Structures demolished during 2005 also included the following buildings and trailers that were 
not radiologically contaminated above free release criteria. Therefore, no radionuclide emissions 
were calculated for these demolition projects: 

• Buildings 439, 331, East access buildings, 928, 460, 520, 681, 440, West access buildings, 
764, 765, and 891. 

• Trailers 130 complex, 750 Trailers A-G, 701, and 707 C, D, and E. 
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Table 5−3. Estimated Nonpoint Source Radionuclide Emissions 

 
Isotope Emissions 

(Ci/yr)a Source or Projectb 
Pu-239/240 Am-241 U-233/234 U-235 U-238 

Resuspension by Wind Erosion 2.5E-05 7.9E-06 2.2E-08 1.6E-08 1.5E-07 

B776 Soil Remediation 6.5E-05 7.6E-06 -- -- -- 
B-Series Ponds Sediment 
Remediationc 1.4E-04 2.6E-05 -- -- -- 

Building 444 Demolition -- -- 2.6E-08 3.5E-09 2.4E-07 
Building 374 Demolition 6.4E-08 7.6E-09 -- -- -- 
Building 371 Demolition 7.0E-06 8.7E-07 -- -- -- 

Building 707 Demolition 1.3E-08 1.6E-09 -- -- -- 
Building 883 Demolition -- -- 6.3E-07 5.2E-08 4.6E-06 
Building 776 Demolition 1.3E-05 1.5E-06 -- -- -- 

Building 528 Demolition 7.0E-07 8.7E-08 -- -- -- 
Building 559 Demolition 1.7E-06 2.1E-07 -- -- -- 

a Emissions of all isotopes that could contribute greater than 10% of the potential EDE for a release point were estimated. The 
locations of the nonpoint release emission sources, except for wind resuspension areas and B-series pond remediation activities, 
are shown in Figure 5−1 of this report.  
b Emissions assumed to be uncontrolled. 
c Project continued from 2004. Total emissions over both years shown. 
 
Notes: 
Am = Americium 
Ci/yr = Curies per year, 1 Ci = 3.7 x 1010 Becquerel (Bq) 
E# = x10# 
EDE = Effective dose equivalent 
Pu = Plutonium 
U = Uranium  

 
 
5.4.2 Control Technology for Diffuse Sources 

Particulate emissions from significant soil disturbance activities at the Site and from 
decommissioning activities were controlled by water spray or other dust suppression measures. 
Fugitive dust control plans that specify the control measures to be used to minimize emissions of 
contaminated dust were developed for each project with the potential to generate substantial dust 
emissions from soil or debris handling, or from demolition activities. For calculational purposes, 
all projects listed in Table 5−3 were assumed to be uncontrolled, even though fugitive dust 
control measures were employed for most of the projects. 
 
5.4.3 Release Locations 

Figure 5−1 shows the location of various emission sources listed in Table 5−1 through 
Table 5−3.  
 
5.5 Air Monitoring for Radionuclides 
 
This section describes the routine air monitoring performed for the Site for that portion of 
CY 2005 during which 40 CFR 16, Subpart H applied, and for the remainder of the year. Project 
specific monitoring is not discussed.  
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Historically, the Site demonstrated compliance with the 10-mrem public dose standard in 
40 CFR 61, Subpart H, through emission measurement or estimation and dispersion modeling of 
Site emissions to determine the dose to the most impacted off-Site resident. Beginning with 
CY 1998, the Site transitioned to an approved alternative compliance demonstration method 
based on environmental measurements (ambient air sampling), as allowed by 
40 CFR 61.93(b)(5). The CY 2005 compliance assessment is based on the alternative method, 
which is described below. 
 
5.5.1 Description of Compliance Sampling Network 

The Site operated a network of high-volume, size-fractionating ambient air samplers located on 
and around the Site, and in nearby communities (the RAAMP network). The compliance 
sampling network consisted of 14 of these samplers located along the Site perimeter. The 
compliance sampling network is shown in Figure 5−2, along with nearby businesses or 
residences (receptors).  
 
The ambient air samplers continuously collected both fine and coarse particulate matter fractions 
on filters and removable impactor surfaces that were exchanged and analyzed on a monthly 
schedule through late September 2005. The samples were analyzed for the plutonium, 
americium, and uranium isotopes that represent most of the radioactive materials handled at or 
residing on the Site. These isotopes account for all materials that have the potential to contribute 
10 percent or more of the dose to the public. 
 
Residential and commercial development on and around the Site was reviewed quarterly. No 
development that warranted additional or revised sampler location occurred in CY 2005. 
 
Following the transition to the alternative compliance demonstration method, effluent collection 
and measurement could be discontinued for insignificant release points on Site and the ambient 
network was used to verify low emissions from these locations in 2005, as required by 
Section 61.93(b)(4).  
 
5.5.2 Sampling Network Measurements for 2005 

Filters from the compliance sampling network were generally exchanged monthly through late 
September 2005, then analyzed for Pu-239/240, Am-241, U-233/234, U-235, and U-238. (In a 
few cases, high dust loading required that filters be exchanged more often. When this was 
necessary, the filters were composited for the month by location and the composite sample was 
analyzed for the isotopes listed above.)  
 
Average isotopic concentrations were calculated at each sampler from monthly isotopic 
concentration and sample volume data. The average isotopic concentrations for January through 
September 2005 at each compliance sampler are shown in Table 5−4. Table 5−4 also shows a 
12-month rolling average concentration (from October 2004 through September 2005) for each 
sampler and isotope. The latter summary is required for reporting under Rad-NESHAPs. 
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Figure 5−2. Receptor Locations and Nearby Samplers 
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Table 5−4. CY 2005 9-Month and Annual Average Isotopic Concentrations at Compliance Sampling 
Network Locations 

 
Sampler and Time 

Perioda 
Pu-239/240 

(Ci/m3) 
Am-241 
(Ci/m3) 

U-233/234 
(Ci/m3) 

U-235 
(Ci/m3) 

U-238 
(Ci/m3) 

Fractional 
Sum 

S-131: 1/05-9/05 
Rolling 12-month 

7.84E-18 
5.94E-18 

4.49E-19 
3.35E-19 

4.14E-17 
3.79E-17 

2.56E-18 
2.05E-18 

4.35E-17 
3.93E-17 

0.0156 
0.0135 

S-132: 1/05-9/05 
Rolling 12-month 

3.05E-17 
2.27E-17 

2.10E-18 
1.57E-18 

4.08E-17 
3.87E-17 

1.25E-18 
1.11E-18 

4.36E-17 
4.03E-17 

0.0275 
0.0227 

S-134: 1/05-9/05 
Rolling 12-month 

1.78E-18 
1.36E-18 

3.51E-19 
3.67E-19 

1.34E-17 
1.27E-17 

3.33E-19 
3.34E-19 

1.34E-17 
1.32E-17 

0.0046 
0.0043 

S-135: 1/05-9/05 
Rolling 12-month 

1.13E-17 
8.43E-18 

1.54E-18 
1.15E-18 

2.08E-17 
1.97E-17 

6.25E-19 
5.54E-19 

2.10E-17 
2.04E-17 

0.0120 
0.0101 

S-136: 1/05-9/05 
Rolling 12-month 

1.26E-17 
9.57E-18 

1.56E-18 
1.17E-18 

1.85E-17 
1.69E-17 

1.00E-18 
7.43E-19 

1.73E-17 
1.64E-17 

0.0120 
0.0099 

S-137: 1/05-9/05 
Rolling 12-month 

4.06E-18 
3.59E-18 

7.02E-19 
7.74E-19 

1.88E-17 
1.92E-17 

9.46E-19 
9.60E-19 

1.87E-17 
1.88E-17 

0.0074 
0.0073 

S-138: 1/05-9/05 
Rolling 12-month 

2.29E-18 
2.63E-18 

5.95E-19 
5.20E-19 

1.86E-17 
1.88E-17 

3.34E-19 
2.49E-19 

1.77E-17 
1.73E-17 

0.0063 
0.0064 

S-139: 1/05-9/05 
Rolling 12-month 

9.37E-18 
7.21E-18 

9.14E-19 
7.01E-19 

2.21E-17 
2.09E-17 

9.04E-19 
7.59E-19 

2.15E-17 
1.99E-17 

0.0110 
0.0094 

S-141: 1/05-9/05 
Rolling 12-month 

7.56E-20 
9.42E-20 

2.14E-19 
2.18E-19 

1.78E-17 
1.67E-17 

1.02E-18 
1.21E-18 

1.54E-17 
1.52E-17 

0.0047 
0.0045 

S-142: 1/05-9/05 
Rolling 12-month 

2.16E-18 
1.76E-18 

1.82E-19 
1.80E-19 

1.80E-17 
1.71E-17 

6.92E-19 
5.65E-19 

1.76E-17 
1.71E-17 

0.0059 
0.0055 

S-201: 1/05-9/05 
Rolling 12-month 

5.18E-18 
3.89E-18 

7.87E-19 
6.74E-19 

1.99E-17 
1.96E-17 

7.59E-19 
6.78E-19 

2.03E-17 
2.01E-17 

0.0084 
0.0076 

S-207: 1/05-9/05 
Rolling 12-month 

1.45E-18 
1.17E-18 

2.99E-19 
3.05E-19 

2.52E-17 
2.38E-17 

8.16E-19 
6.08E-19 

2.46E-17 
2.29E-17 

0.0075 
0.0069 

S-209: 1/05-9/05 
Rolling 12-month 

2.53E-18 
2.31E-18 

6.67E-19 
4.98E-19 

2.36E-17 
2.14E-17 

1.04E-18 
1.05E-18 

2.35E-17 
2.16E-17 

0.0079 
0.0072 

S-254: 1/05-9/05 
Rolling 12-month 

1.07E-18 
8.15E-19 

6.18E-19 
4.61E-19 

5.85E-17 
5.27E-17 

2.42E-18 
2.28E-18 

5.89E-17 
5.31E-17 

0.0165 
0.0148 

Compliance Level 
(Ci/m3)b 2.0E-15 1.9E-15 7.1/7.7E-15 7.1E-15 8.3E-15 1 

a Rolling 12-month period is from October 2004 through September 2005 
b Compliance levels are listed for each isotope in Table 2 of Appendix E to 40 CFR 61. 
 
Notes: 
Am = Americium 
Ci/m3 = Curies per cubic meter; 1 Ci = 3.7 x 1010 Becquere1 (Bq) 
E# = x 10# 

Pu  = Plutonium 
U = Uranium 

 
 
Two fractional sums were calculated for each sampler location by dividing each January through 
September 2005 or rolling 12-month isotopic concentration by that isotope’s corresponding 
compliance level as listed in Table 2 of Appendix E to 40 CFR 61, then summing the fractions. 
The fractional sums are also shown in Table 4−1. 
 
In addition to monitoring for compliance, sampling was continued at three locations, S-132, 
S-136, and S-138 starting in October 2005. The results of those 3 months of sampling are 
presented in Table 5−5 and may be compared with the rolling averages presented above. (The 
reader is referred to quarterly data exchange reports to compare these results to other individual 
monthly results.) DOE expects to continue this sampling for approximately 3 years. This time 
frame was selected to assess stabilization of surface soils on Site which is expected to further 
reduce dust emissions over time. Absent additional large-scale disturbances, highest air 
emissions are expected to occur for the period immediately following completion of accelerated 



 

 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 5–15 

actions and before aging of the surfaces and recovery of the surface cover. Wind erosion will 
result in ongoing emissions of small amounts of particle-bound radionuclides from the Site after 
that time.  
 

Table 5−5. Ambient Concentrations of Radionuclides Reported for the Three Monitoring Locations 
Continued in Operation after September 2005 

 
October 2005 November 2005 December 2005 

Location Analyte Total Concentration 
(Ci/m3) 

Total Concentration 
(Ci/m3) 

Total Concentration 
(Ci/m3) 

Am-241 0 0 0 

Pu-239/240 0 0 1.0E-18 
U-233/234 2.24E-16 2.34E-16 1.497E-16 
U-235 1.98E-17 9.5E-18 0 

S-132 

U-238 2.05E-16 1.63E-16 1.277E-16 
Am-241 0 1.2E-18 1.1E-18 
Pu-239/240 0 2.1E-18 2.7E-18 

U-233/234 9.70E-17 4.13E-17 3.12E-17 
U-235 6.4E-18 2.0E-18 1.93E-17 

S-136 

U-238 7.96E-17 9.24E-17 5.99E-17 

Am-241 0 0 6E-19 
Pu-239/240 3.0E-18 0 0 
U-233/234 6.23E-17 6.39E-17 6.90E-17 

U-235 9E-19 1.2E-18 4.8E-18 

S-138 

U-238 6.98E-17 5.40E-17 5.31E-17 
Reported negative net-concentrations resulting from sampling media correction are reported as zero 

 
 
Two of the remaining air sampling locations are situated in a downwind direction under 
prevailing higher speed winds and in locations where typically the highest potential dose has 
been estimated from wind-eroded site sources through modeling using representative 
meteorological conditions. The third location is situated west of the Site, and will be used to 
compare predominantly upwind radionuclide air concentrations to concentrations at downwind 
locations. This upwind location is known to not be representative of site emissions, due to a 
significant contribution of natural uranium and its progeny from wide-spread sand and gravel 
mining operations immediately east and southeast of the sampling location. During periods of 
daytime upslope conditions impacts have been observed at this location from intense site soil 
disturbance activities. The two downwind locations are those that would be appropriate to 
measure Site emissions based on the alternative compliance demonstration guidance given in 
EPA’s Guidance on Implementing the Radionuclide NESHAPs (EPA 1991) under conditions of 
continuous fugitive dust emissions as are anticipated in the future. 
 
5.5.3 Compliance Assessment Results 

As reported in Section 5.4.2 of this report, the rolling CY 2005 9-month and rolling 12-month 
concentrations of Pu-239/240, Am-241, U-233/234, U-235, and U-238 measured at the 
compliance sampling network were compared to the compliance levels listed in Table 2 of 
Appendix E to 40 CFR 61. In each case, the maximum measured concentration of each isotope, 
as shown in Table 5−4, was less than 3 percent of the corresponding compliance level. In 
addition, the fractional sum of all isotopes at the critical receptor location (the sampler showing 
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the highest concentrations in 2005) was determined to be 0.0275 on a 9-month calendar year 
basis, or 0.0227 on a rolling 12-month basis. (This corresponds to annual doses of 
0.275/0.227 mrem, or 2.75 percent/2.27 percent of the 10-mrem standard.) The facility is in 
compliance when the annual concentration of each isotope is less than its corresponding Table 2 
compliance level and when the fractional sum of all isotopes is less than 1. 
 
Figure 5−3 shows rolling 12-month data through September 2005 at all compliance sampling 
network locations. The data are presented as percentages of the compliance level for each 
isotope; the total height of each bar in Figure 5−3 represents the fractional sum expressed as a 
percent of the allowable sum (percent of 1). Data are presented for each sampler, beginning with 
S-131 at the west gate of the Site, and continuing around the Site perimeter in a clockwise 
direction. Data for the 3 months following completion of physical activities from the three 
samplers continuing in operation are also consistent with these observations. Sampler locations 
are shown in Figure 5−2. 
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Figure 5−3. Environmental Measurements of Airborne Radionuclides in 2005 
 
 
In 2005, the maximum measured radionuclide levels occurred to the northwest of the Site, at 
sampler S-132. This is the same sampler that had the highest measured radionuclide 
concentrations in 1998, 1999, 2000, 2001, and 2002. (In 2003 and 2004, sampler S-254, located 
north of the Site along a dirt road that has seen increased traffic volumes due to local 
development, had the highest measured radionuclide concentrations across the compliance 
sampling network. In 2005, sampler S-254 again showed higher measured concentrations of 
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uranium than any other compliance sampler, most likely related to local dust sources combined 
with naturally occurring uranium isotopes in the soils surrounding Rocky Flats.)  
 
A number of samplers showed evidence of elevated dust levels at times during 2005, requiring 
filter exchanges more frequently than monthly, although whether this was related to Site 
activities or simply due to other local dust emitting sources, such as sand and gravel operations, 
is unknown. In past years it has been noted that samplers exposed to higher particulate matter 
concentrations often show increased radionuclide concentrations compared with less dusty 
locations, if only due to the collection of more “sample” during the month. S-132 required mid-
month filter exchanges during several months, including June 2005, when the highest monthly 
Pu-239/240 concentrations were recorded. Note that although the Pu-239/240 activity levels 
recorded at S-132 during June 2005 were higher than those seen at other samplers for the same 
time period, they still represent an annual dose rate an order of magnitude below the 10 mrem 
standard. 
 
Naturally occurring uranium isotopes were important contributors to airborne radionuclide levels 
at all compliance samplers in 2005. The sum of U-233/234 and U-238 activity ranged from 
44 percent to over 93 percent of the fractional sum at all compliance samplers in 2005.  
 
Figure 5−4 shows the measured levels of Pu-239/240 and Am-241 at the compliance sampling 
network locations, also presented as percentages of the compliance level for each isotope. These 
two isotopes are characteristic of the weapons-grade plutonium that was used at the Site. 
 
The fractional sum information for CY 2005 for the critical receptor can be compared with the 
10-mrem dose limit and with data from prior years. As noted previously, the fractional sum at the 
critical receptor location in 2005 was 0.0227−0.0275 (based on 12-month or CY 2005 9-month 
rolling averages, respectively). The fractional sum can be directly related to the allowable dose 
limit of 10 mrem in 40 CFR 61, Subpart H, the fractional-sum limit being 1. By comparison, the 
maximum potential dose projected from the compliance sampling network concentrations in 
2005 is nearly two orders of magnitude below the 10-mrem limit. For comparison, fractional 
sums at the critical receptor were 0.0156 in 2004, 0.0252 in 2003, 0.0156 in 2002, 0.0128 in 
2001, 0.0130 in 2000, 0.0145 in 1999, 0.0141 in 1998, and 0.0128 in 1997.  
 
The progressive increase in emissions over this 8-year period is consistent with the continually 
increasing levels of soil disturbance occurring over the same period. At the several locations 
continuing to monitor during succeeding months following completion of the accelerated actions, 
the air concentration results will continue to be observed. The concentrations are expected to 
decrease toward the lower levels previously observed as the disturbed soil surfaces age and 
revegetate. 
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Figure 5−4. Environmental Measurements of Pu-239/240 and Am-241 in 2005 
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6.0 Ecological Monitoring 

6.1 Introduction 
 
The Ecology Group conducts ecological monitoring of the Site’s ecological resources to ensure 
regulatory compliance and to preserve, protect, and manage those resources. Ecological 
monitoring is an integral aspect of determining whether the management objectives and goals for 
the natural resources at the Site are being achieved. This report summarizes the results of the 
ecological monitoring that was conducted at the Site during 2005. 
 
At an elevation of approximately 6,000 feet, the Site contains a unique ecotonal mixture of 
mountain and prairie plant species resulting from the topography of the area and its proximity to 
the mountain front. The Buffer Zone (BZ), the area surrounding the location where the old IA 
was once located, is one of the largest remaining undeveloped tracts of its kind along the 
Colorado Piedmont. A number of plant communities present at the Site have been identified as 
increasingly rare and unique by the Colorado Natural Heritage Program (CNHP 1994, 1995). 
These communities include the xeric tallgrass prairie, tall upland shrubland, wetlands, and Great 
Plains riparian woodland communities. Small inclusions of a number of other increasingly rare 
plant communities are also found on the Site. Many of these communities support populations of 
increasingly rare animals as well, including the federally protected Preble’s meadow jumping 
mouse, and other uncommon species such as the grasshopper sparrow, loggerhead shrike, 
Merriam’s shrew, black crowned night heron, hops blue butterfly and Arogos skipper. 
 
A brief summary of the highlights from the 2005 field season is found below. Full detailed 
summaries and analyses for each field monitoring effort are presented as stand-alone reports on 
the accompanying Ecology CD-ROM. 
 
6.2 Vegetation Monitoring 
 
6.2.1 Smooth Brome Monitoring 

Smooth brome is an exotic graminoid species that has been used for over a century across much 
of North America as a revegetation grass. Research has shown the species is an aggressive 
invader of native plant communities under certain conditions. It often invades native grassland 
communities, replacing the native plant species, reducing biodiversity, and lowering the wildlife 
habitat value of an area. The grass has been used in the past at the Site for numerous revegetation 
projects. For the past several years it has been prohibited in seed mixtures at the Site. However, 
numerous locations on the grassland have been and continue to be invaded by the species and 
smooth brome circles are common at many locations in the BZ. When smooth brome becomes 
established at a location in a native plant community it typically reproduces vegetatively by 
underground rhizomes (horizontal underground stem tissue) and grows outwardly in a circle 
from the point of origin. As the circles expand outwardly the smooth brome out-competes native 
species for resources and the circle usually becomes a solid stand of smooth brome. This species 
is becoming increasingly problematic at the Site and on surrounding native areas. 
 
During 2003, an investigation was begun to: 1) determine the rate of expansion of smooth brome 
circles, 2) evaluate potential weed control techniques for smooth brome, and 3) evaluate the 
effectiveness of revegetating dead smooth brome circles with native plant species. The location 
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of the investigation was in the south BZ (Figure 6−1). The areas of smooth brome circles were 
measured twice annually to determine expansion rates. Three control treatments were evaluated 
including; shading, glyphosate (Roundup®) applications, and glyphosate/shading applications. 
Species richness and species cover were measured (in addition to field notes and photographs) to 
evaluate the establishment of native species seeded into the former smooth brome circles. 
 
Throughout the duration of the investigation (spring 2003 to fall 2005), smaller smooth brome 
circles (those less than 4 square meters (m2) in size initially) have more than tripled in size 
(208 percent mean increase). The average area of the small circles was originally only 2.1 m2. 
After three growing seasons, this had increased to 6.4 m2. Large circles (those larger than 30 m2 
in size) have increased approximately 35 percent on average since the outset of the investigation. 
The average area of the large circles was 73.2 m2 at the outset, but by fall 2005 this had 
increased to 99.1 m2. These large increases over the course of three growing seasons illustrate 
how quickly and aggressively smooth brome can invade a native grassland and replace the native 
species. This is particularly problematic where many circles are present in an area and they can 
coalesce into larger circles in a short period of time. 
 
Two full growing seasons after treatment applications, the least effective treatment has been the 
glyphosate-only application (return rate of smooth brome = 80 percent). The glyphosate/shaded 
treatment and shaded-only treatment both have a 40 percent return rate of smooth brome. From a 
cost and labor standpoint the shaded-only treatment would provide the best results for the cost.  
 
Observations of the establishment of the seeded native species shows mixed success thus far. Of 
the seven species seeded in fall 2003, six were found growing in the treated circles in August of 
2005. Slender wheatgrass, a seeded, native species is the most abundant of the seeded species 
across all three treatments (ranging from a mean of 19 percent−73 percent). Other common 
species in 2005 were alyssum, musk thistle, and Japanese brome, all non-native species, typical 
of disturbed areas at the Site. Over time it is expected that the native species will fill in, however, 
it will require additional control of the returning smooth brome to prevent the smooth brome 
from eventually taking over these areas again. 
 
6.2.2 Dalmatian Toadflax Monitoring 

Dalmatian toadflax is a noxious weed that has invaded hundreds of acres across the Site and is a 
problem throughout much of the Front Range of Colorado. The species is an escaped ornamental 
plant from Europe. Dalmatian toadflax is listed as a List “B” species under the Colorado Noxious 
Weed Act (2005). This means it is established in the state and statewide eradication is not 
possible. Until a state noxious weed management plan is developed for the species, management 
is recommended under the state law. The species is well adapted to arid environments and has a 
deep, extensive root system. The deep root system, waxy leaves, and high seed production make 
the species difficult to control. The species is a significant problem for ecological resource 
management because of its ability to replace native plant species and degrade the quality of the 
land for wildlife or grazing. 
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Figure 6−1. Smooth Brome Weed Control Locations 



 

 
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities 
June 2006 Doc. No. S0235400 
 Page 6–5 

A three-phase study was conducted to evaluate the effectiveness of different herbicide treatments 
on dalmation toadflax density (Figure 2−2). The study included a Phase I test, which evaluated 
Tordon 22K® alone at an application rate of 1 pint/acre (Transects 1 and 2); a Phase II test, 
which evaluated Tordon 22K® alone at an application rate of 1 quart/acre (Transects 5 and 6); 
and, a Phase III test, which evaluated the combined effect of Tordon 22K® (1 quart/acre) and 
Telar® (1 ounce/acre) (Transects 7 and 8). An untreated control plot was used for comparisons 
(Transects 3 and 4). Two 50-meter transects were established in each plot (Phase) and five 
1-square meter (square shaped) quadrats were randomly located along each transect (total of 
10 quadrats for each plot). Within each quadrat the density of dalmatian toadflax stems were 
counted.  
 
Since 2003, dalmatian toadflax density in the control plot has continued to increase from 
75.2 stems/ m2 to 126.1 stems/m2 in 2005. Some of this may be due to the above average 
precipitation received in 2004 and 2005 (November to June precipitation; average [1992−2005] 
= 10.24 inches, 2004 = 13.08 inches, 2005 = 12.58 inches). In the Phase I study, looking at the 
effect of an application of 1 pint of Tordon 22K®/acre, dalmatian toadflax densities have dropped 
from 72 stems/ m2 in 2003 to 28.4 stems/ m2 in 2005. In the Phase II study, dalmatian toadflax 
density has dropped from 64.8 stems/ m2 in 2004 to 23.7 stems/ m2 in 2005 in response to a 
single application of Tordon 22K® at 1 quart/acre. 
 
Both herbicide applications have had a substantial impact on dalmatian toadflax density, 
reducing stem densities in the treatment plots to less than 40 percent of the original densities, 
while densities have continued to increase over the same timeframe in the control plot. These 
results are similar to data previously evaluated at the Site where fortuitous monitoring of 
dalmatian toadflax density at a different location, without a control area, was conducted for a 
period of several years after Tordon 22K® was applied at a rate of 1 pint/acre. Densities dropped 
from about 100 stems/m2 to 8 stems/m2 after the herbicide application. The current evaluation 
has replicated these results and continued monitoring of these locations will help determine how 
effective the residual Tordon 22K® is at controlling dalmatian toadflax in extended years.  
 
The Phase III portion of the study was initiated in 2005, so only the pre-treatment density of 
dalmation toadflax is available. The 2005 density at the Phase III study locations was 
117 stems/m2, very similar to that of the control plot in 2005 (126.1 stems/m2). Monitoring in 
2006 will evaluate changes for all three different herbicide applications. 
 
6.2.3 High Value Vegetation Monitoring 

Several plant communities have been identified by the CNHP as containing significant or rare 
ecological resources at both the local and regional scale. These high-value plant communities 
(xeric tallgrass prairie, tall upland shrubland, selected wetlands, and Great Plains riparian 
woodland) are monitored to assess their status, quality, and condition. 
 
Objectives of the high-value vegetation monitoring are to: 1) identify and document infestations 
of noxious weeds, 2) document the effectiveness of weed-control efforts, 3) assess the impacts of 
disturbance on the plant communities, and 4) provide a general assessment of the overall status 
and quality of the plant communities. 
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6.2.3.1 Site Flora 
 
The complete list of plant species known to occur at Rocky Flats as of the end of 2005 is found 
in on the CD-ROM. As a result of the 2005 fieldwork, a total of 6 new records of vascular plant 
species for the Site flora are reported (Table 6−1). Each of the new species were found growing 
in revegetation locations and probably came in as a result of contamination in the seed mix. 
None of the species are noxious weeds. All are “wildflowers” commonly found in wildflower 
seed mixes sold at local stores for home gardens. The locations where these species were found 
will be watched to make sure the species do not become problematic.  
 

Table 6−1. New Plant Species35 Occurring at the Site 
 

Family Scientific Name Common Name 
Asteraceae Centaurea cyanus L.  Garden Cornflower 
Asteraceae Coreopsis tinctoria Nutt.  Plains Coreopsis 
Asteraceae Cosmos bipinnatus Cav.  Cosmos 

Asteraceae Dimorphotheca aurantiaca D.C.  African Daisy 
Caryophyllaceae Gypsophila elegans Bieb.  Baby’s Breath 
Pappaveraceae Papaver rhoeas L.  Field Poppy 

Voucher specimens of these species will be deposited at the University of Colorado Herbarium in 
Boulder, Colorado. 

 
 
6.2.3.2 Rare-Plant Monitoring 
 
Four plant species that occur at the Site are listed as rare and imperiled in Colorado by the CNHP 
(CNHP 1999). The presence of these species underscores the significance of the ecological 
resources found at the Site and its value in the regional landscape. Populations of mountain-
loving sedge, forktip three-awn, carrionflower greenbriar, and dwarf wild indigo are known to 
occur at the Site. 
 
Populations of three of the four species were visited during 2005 and qualitative observations 
showed that all were continuing to do well in 2005. The carrionflower greenbriar was not 
observed in 2005 (no special trips were made to observe it). Because it occurs in isolated spots 
along the tall upland shrublands in Rock Creek where no activities were conducted during the 
year, there is no reason to think the plant was not present and continuing to do well. Efforts will 
be made in 2006 to observe this species. 
 
The dwarf wild indigo continues to consist of a single small shrub in the Rock Creek drainage. 
The plant was observed in flower in 2005 and a total of 12 stems were counted coming up from 
the base (up from past stem counts of 9 or 10). 
 
 

                                                 
35 Plant nomenclature follows that of GPFA (1986), Weber (1976), and Weber (1990), in that order of determination 
when feasible. Because the species were horticultural species some of the names came from the Internet. Species 
were verified at the University of Colorado Herbarium in Boulder, Colorado (COLO). 
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Figure 6−2. Dalmation Toadflax Herbicide Monitoring Transects 
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The mountain loving sedge which occurs predominantly along the north edges of the pediment 
tops in the Rock Creek drainage was observed in 2005. At one location, the herbicide Plateau® 
had been applied in the area for control of jointed goatgrass, and there was some minor effects 
observed on the plants (small amount of chlorosis on leaf tips). But the plants had flowered and 
otherwise appeared unaffected by the management actions. Because Plateau® is used for control 
of some monocot (graminoid) species at the Site it is worth noting this effect and future weed 
control efforts should minimize the use of this herbicide where this sedge species is present.  
 
Forktip three-awn was observed at several locations at the Site and appeared to have had a good 
year. Efforts to establish new populations of forktip three-awn continue to be successful. Two 
separate seedings conducted in the fall of 2001 and 2002 both had new plants coming up the 
following year and continuing to do well. The plants have already begun to spread beyond the 
plots in which they were seeded. The results show that forktip three-awn germinates very readily 
and grew even in drought conditions. The post-closure conditions at some locations in the 
revegetated areas of the IA may provide a suitable substrate on which the seeds of the forktip 
three-awn could be sown to further increase the abundance of the species at the Site. Other 
suitable locations may include the gravelly, rocky edges of the graded roads on the pediment tops 
in the BZ or perhaps in the future on some of the areas where mine reclamation will eventually 
take place.  
 
6.2.3.3 Plant Community Disturbance in 2005 
 
During 2005, cleanup and closure projects were in full swing. Figure 6−3 shows the IA before 
and after cleanup activities were complete. Approximately 650 acres were disturbed during 
cleanup and closure activities. After final land configuration work was completed, disturbed 
areas were seeded with native seed mixtures. Where possible, areas were deep ripped to loosen 
compacted soils and at many locations Rocky Flats Alluvium was brought in as fill material and 
soil medium. Several different native seed mixtures were used dependent on the location of the 
revegetation area. The flat upper pediment surfaces were seeded with native species typical of 
the xeric tallgrass prairie at the Site. Hillslopes were seeded with mixed grass prairie species 
common at the Site. Riparian/wetland areas were seeded with species adapted to the hydric 
conditions available along the streams and in the wetland areas. Due to project schedule 
constraints, seeding was conducted throughout the growing season as cleanup activities were 
completed at each location. Seeding was done by both broadcasting and drill seeding, dependent 
on the location. 
 
Only graminoid species were seeded initially because it was anticipated that weed control with 
herbicides would be required during the initial vegetation establishment phase. After initial 
establishment of grasses, forbs and wildflowers typical of the native prairies in the BZ at the Site 
may be seeded to add some diversity to these areas. Volunteer groups have been conducting seed 
collection to provide the Site with species that are not available commercially. It is anticipated 
that this activity will continue and will provide additional species of forbs and graminoids for the 
revegetation areas. 
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Industrial Area in 1995 

 
Former Industrial Area in 2005 

 
Figure 6−3. Rocky Flats Site Before and After Closure 
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After seeding, various erosion controls were installed to protect the soil from wind and water 
erosion, and protect water quality. Figure 6−4 shows the approximate locations where different 
erosion controls were applied. Steeper slopes had erosion matting installed while other areas 
received different types of hydromulch (aspen fiber, Flexterra®). Most of the flat upper pediment 
surfaces were protected with crimped straw. At many locations straw wattles and hay bales were 
also used to protect drainages and other locations where additional erosion control measures 
were required. 
 
Some of the wetland areas that were completed in early spring of 2005 also had willow stakes 
and cottonwood poles installed to help diversify the vegetation structure at these locations. 
Additional planting of stakes and poles is planned for spring 2006 to help continue to enhance 
these wetland areas. Monitoring and management of the revegetation locations will continue in 
the future to provide the best opportunity for successful vegetation establishment. 
 
The Centennial Mine, north of the west access road, continued to expand in 2005 as rock and 
soils were used for both the Present Landfill and Original Landfill covers as well as other 
locations at the Site. 
 
6.2.3.4 Weed Mapping and Weed Control 
 
Resource management is an important concern, with a goal to protect and sustain the native 
ecological resources that make the Site so unique along the Front Range. One of the big 
challenges at the Site is to manage the ecological resources with a limited set of methods 
available as management tools. Currently most efforts have focused on the control or eradication 
of the weed species themselves with little emphasis on trying to improve conditions for the 
desired native species. Two of the key tools for grassland management, fire and grazing, are not 
currently allowed or planned for use at the Site in the near future. As a result, management of the 
ecological resources is largely limited to controlling the noxious weeds themselves. 
 
The 2005 weed distribution maps for diffuse knapweed and dalmatian toadflax are shown in 
Figure 6−5 and Figure 6−6, respectively. Table 6−2 contains the estimated total acreage and 
acreage-by-density category for each species, based on the 2005 maps. Dalmatian toadflax 
covered approximately 3,085 acres, while diffuse knapweed was present on 2,158 acres at 
various levels of infestation. The total acreage of the Site is approximately 6,500 acres 
(K-H 1997). It should be noted that the acreage values are only approximate and should not be 
interpreted as exact areas. It is possible that unmapped infestations are present as well. 
 

Table 6−2. 2005 Estimated Weed Infestation Acreage Summary for Rocky Flats 
 

2005 Acreage 

Density Level Common Name 
Site Total 

High Medium Low Scattered 

Diffuse Knapweed 2,158 29 296 902 931 

Dalmatian Toadflax 3,085 24 169 1,400 1,492 
All values are approximate acreages 
See text for density level descriptions 
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Table 6−3 shows the annual total infested acreages for diffuse knapweed and dalmatian toadflax 
from 1997 to 2005. [NOTE: Most of the large increases in infestation acreages from 1997 to 
1998 were a result of the time of year in which mapping was conducted. Mapping in 1997 was 
conducted in August for each of the species. Beginning in 1998, weed mapping was conducted 
for each species when that species was in flower and/or most visible. Therefore, the higher 
visibility of the species at the time of mapping allowed more accurate estimates of their 
infestation levels from 1998 through 2005.] 
 

Table 6−3. Comparison of 1997−2005 Weed Infestation Extents at Rocky Flats 
 

Density Level Weed Species Year Site Total 
High Medium Low Scattered 

1997 2,678 696 893 658 431 
1998 2,913 761 778 987 388 

1999 2,295 466 613 873 343 
2000 2,223 510 531 771 412 
2001 1,957 381 525 674 377 

2002 1,093 165 344 368 215 
2003 2,127 182 512 857 576 
2004* 2,259 77 390 1,187 605 

Diffuse Knapweed 

2005* 2,158 29 296 902 931 
1997 422 135 205 82 0 
1998 1,934 313 273 989 359 

1999 2,507 341 389 1,240 537 
2002 1,264 5 69 281 909 
2003 2,897 109 388 1,563 837 

2004 2,858 77 450 1,559 772 

Dalmatian Toadflax 

2005* 3,085 24 169 1,400 1,492 
All values are approximate acreages. 
See text for density level descriptions. 
* Acreages do not include Centennial Mine area as it has in previous years. It was not mapped due to the expansion of the 
mine and/or lack of access and visibility of the mine area. 

 
 
Considerable annual variation in the number of infested acres for each species listed in 
Table 6−3 exists due to annual climatic differences and herbicide applications. Most of the 
reductions for each species from 1998 or 1999 through 2002 were due to the large-scale aerial 
herbicide applications. In 2002, some of the decreases seen for each species were also a result of 
the drought that year. This caused many species, native species and noxious weeds alike, to 
either remain dormant or to not germinate from seed. However, in 2003 there was a large 
increase in the number of infested acres due to the above average snowfall received in 
March 2003 that caused a large germination of seed from the seedbank and growth of dormant 
perennial plants. This caused a greater than two fold increase in the number of infested acres for 
the different noxious weed species compared to 2002. Increased precipitation in 2004 and 2005 
also probably accounts for the continued high number of infested acres in 2004.  
 
The data show a large shift in the abundance of both diffuse knapweed and dalmatian toadflax 
from 1997 to 2005. The acreage in the high and medium categories have continued to decline for 
diffuse knapweed during this timeframe, while the high category has dropped for dalmatian 
toadflax as well. The declines in the high and medium categories for dalmatian toadflax observed 
in 2005 is somewhat due to spraying efforts that have focused on this species in 2004 and 2005. 
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Figure 6−4. Satellite View of Former Industrial Area in October 2005 with Erosion Controls Overlain 
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Figure 6−5. 2005 Diffuse Knapweed (Centaurea diffusa) Distribution at the Rocky Flats Environmental Technology Site 
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Figure 6−6. 2005 Dalmation Toadflax (Linaria dalmatica) Distribution at the Rocky Flats Technology Site 
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At the same time the declines in the high and medium categories have occurred, increases in the 
low and scattered categories have been observed. 
 
During 2005, a total of approximately 344 acres were treated with herbicides using ground 
applications: Transline® (13 acres), Plateau® (73 acres), Tordon22K® (216 acres at 1 pint/acre), 
and Tordon22K® (1 quart/acre) plus Telar® (1 oz/acre; 43 acres; Figure 6−7). 
 
The abundance of diffuse knapweed has been decreased considerably on the pediment tops at the 
Site through the past herbicide applications made with a helicopter (1999−2002). Both 
Transline® and Tordon22K® have been used. Tordon22K® has given approximately 4 years of 
control at many locations. However, studies at the Site have shown there are also impacts to the 
native forb species with Tordon22K® (see K-H 2004a for more details). The native forb 
community takes approximately 7 years to return to pre-treatment levels after an application of 
Tordon22K® (application rate = 1 pint/acre).  
 
In the drainages, treatment of diffuse knapweed with large scale herbicide applications are not 
possible because these areas are located in Preble’s mouse habitat (a federally listed threatened 
species) and permission from the USFWS has not been obtained that will allow weed control of 
any significance in the mouse habitat. Several releases of diffuse knapweed biocontrol insects 
have been made at locations where herbicide applications are not possible. Large numbers of 
biocontrol insects have been released since 2001. 
 
Biocontrol results from data collected in 2005 are reported in another section of the annual 
ecology data summary report. However, in general there has been a reduction in diffuse 
knapweed cover and seed production. The goal is to allow the insects to continue to expand 
across the Site and achieve levels of control similar to what has been seen on Boulder County 
Open Space to the north of the Site. Continued large-scale herbicide applications for diffuse 
knapweed are not planned in order to give the insects the opportunity to continue to build their 
populations. It typically takes 4 to 6 years for biocontrol insect populations to build to levels 
where observable impacts are seen, so 2006 and 2007 should begin to show impacts from the 
biocontrol insects on diffuse knapweed. Some small-scale herbicide applications at selected 
locations may be made where biocontrols do not seem to be establishing. 
 
Past herbicide applications of Tordon22K® (1 pint/acre) have had some reduction effect on the 
flowering and abundance of dalmatian toadflax at some locations. This was observed at some 
high-density locations of dalmatian toadflax after the helicopter spraying in 2000. At some 
locations densities still remain reduced, while at other locations the densities have returned or 
never really changed from pre-treatment levels.  
 
Higher applications rates of Tordon22K® have been suggested as potentially having a greater 
effect at controlling dalmatian toadflax. However, greater impacts to the native forb community 
would also occur. The challenge with the dalmatian toadflax is compounded by the fact that it 
seems to now be slowly increasing in the locations where diffuse knapweed has previously been 
very abundant. In these areas, herbicides are contraindicated because we want to increase the 
effectiveness of the biocontrol insects on diffuse knapweed. 
 
Two different biocontrols have been released for dalmatian toadflax at the Site, Calophasia 
lunula (a defoliating moth) and Mecinus janthinus (a stem mining beetle). The defoliating moth 
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was unsuccessful at establishing and had no observable effect on the toadflax. Initial results of 
the stem mining beetle did not hold much promise, however, observations during the summer of 
2005 showed several populations of the insects have become established, and in at least one 
location a large reduction in the amount of toadflax was observed. Additional releases will need 
to be made to increase the effectiveness of the stem mining beetles at the Site. Observations will 
continue to determine the effectiveness of this biocontrol effort. 
 
Biocontrol insects released for Canada thistle have shown limited success at the Site and because 
the species is common in wetland areas, control with herbicides is impractical. During 2005, 
however, observations were made at several previous biocontrol release locations, and a number 
of galls were present on the stems of Canada thistle, indicating that perhaps biocontrols will have 
some impacts on the Canada thistle populations at the Site. Observations will continue to be 
made to determine the effectiveness of the biocontrols on Canada thistle. 
 
Russian knapweed occurs at one small location at the Site and its spread has been controlled with 
herbicides. Applications of Telar®, Tordon22K®, and Roundup® over the past 4 years have 
contained the population and reduced the population, but it still holds on. Roundup® has been the 
most effective treatment on the species. Roundup® was broadcast in the Russian knapweed patch 
in 2004 and effectively killed everything in the area (which was predominantly smooth brome). 
Only a few stems were observed in 2005. Eradication is the long-term goal for this species at the 
Site and reseeding of the area with native species has been done to try to return the area to a 
native grassland. Russian knapweed seed has a seed bank lifespan of 2 to 8 years, so continued 
monitoring of this area will be conducted to prevent any seed set, which would effectively reset 
the clock on this species at this location.  
 
Annual rye, although not a state listed noxious weed, is of concern at the Site because it has 
become established at several locations along roadsides in the BZ and has begun to invade the 
surrounding native prairie. Mowing has been conducted for the past few years to try and prevent 
seed set, but because of problems in getting the mowing crews to the locations at the proper time 
and because the mower height must be set so high due to the rocky nature of the roadsides, little 
success has been achieved. Because the species is an annual plant, preventing seed set is a key 
factor to its control. Studies have shown that after 14 months, less than 1 percent of the seed 
remains viable (Stump and Westra 1993). In 2004, Roundup® was applied along the roadsides in 
the early spring prior to flowering of the annual rye. This was followed by reseeding of the 
roadsides with native species. Observations along the roadside where Roundup® was applied 
showed a good “kill” of the annual rye. By late summer, several annual weeds (green foxtail, 
filaree, and barnyard grass) were common along the roadside, but annual rye was not present.  
 
At another location where annual rye had invaded the native grassland, Plateau® was applied in 
spring 2004 in an attempt to prevent seed set. The results were not promising, however, because 
the annual rye was only stunted and seed set was not prevented. In 2005, a year after the 
application, the entire area came up as a solid stand of annual rye. The area appeared worse than 
it had been before the herbicide application was made. Whether this observed effect was 
influenced by higher than normal precipitation is unclear. Some of the effect may have resulted 
from the fact that Canada bluegrass, a non-native grass species common on the xeric tallgrass 
prairie at this location, was also greatly reduced by the Plateau® application. The release from 
competition may have allowed the large flush of annual rye.
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Figure 6−7. 2005 Herbicide Application Locations Rocky Flats Environmental Technology Site 
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Jointed goatgrass, a noxious graminoid species, is common along the BZ roadside edges where it 
was transported by annual road grading operations. Observations in 2004 found a location where 
the jointed goatgrass had moved into the native grassland from the roadside edge. In spring 2005, 
this area, along with several miles of roadside edge, was sprayed with Plateau® to control the 
jointed goatgrass and prevent seed set. The Plateau® treatments were very effective and killed the 
jointed goatgrass, preventing seed set. Observations of the off-road treated area will be made in 
2006 to assess whether impacts similar to the annual rye area have occurred before making any 
more off-road treatments with Plateau®. 
 
Control of several small populations of Scotch thistle were continued and while some success 
has been seen at specific locations, the species continues to be found at new locations across the 
Site. Wind and animal dispersal are the most likely mechanisms for movement of this species at 
the Site. Because it is an annual species, prevention of seed set is key to reducing the 
populations. Containment of the species at some locations has been made using hand control and 
spot herbicide applications of Roundup®. These locations will continue to be monitored and 
control applied as necessary.  
 
Over the past several years numerous releases of various biocontrol insects have been made at 
the Site to help control different weed species. Most of the insects have been obtained through 
the Colorado Department of Agriculture Insectary at Palisade, Colorado. Figure 6−8 shows the 
release locations of the different species released by the Ecology Group at the Site. Figure 6−9 
shows the locations of releases made by the USFWS and Texas A&M University. 
 
6.2.4 Revegetation Monitoring 

As part of the cleanup and closure of the Site, the buildings, roads, and other infrastructure in the 
IA were removed. Approximately 650 acres were disturbed during cleanup activities that were 
completed in fall 2005. Revegetation of the disturbed areas was conducted to prevent erosion and 
sedimentation of the Site streams and to meet water quality standards. Re-establishment of native 
plant species is desirable to benefit wildlife and the future of the Site as a National Wildlife 
Refuge. As part of the revegetation process, monitoring is conducted to determine whether 
success criteria, as stated in the Revegetation Plan (K-H 2005m) are being met as well as to 
determine whether management of these resources are needed. The objective of the revegetation 
monitoring in 2005 was to assess the successfulness of the revegetation efforts at selected 
locations. 
 
A total of twenty 50-m transects were randomly located and sampled for species richness and 
cover at nine revegetation locations: Building 116 (2), Building 771 (2), Building 881 (2), 
Building 886 (1), the 903 lip area (xeric pediment top [2] and hillslope areas [2]), Solar 
Ponds (2), New Landfill (2), MST area (2), and Present Landfill cover (3; Figure 6−10).  
 
Overall species richness in 2005 at the revegetation locations varied from 26 species at the MST 
to 78 species at the 903 lip area revegetation location (Table 6−4). Many of the seeded species 
are present at the different locations and are beginning to establish. Some of the species are early 
successional “weedy” species that will disappear in time as the desired native perennial species 
establish. 
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Figure 6−8. Rocky Flats Environmental Technology Site Biocontrol Release Locations 
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Figure 6−9. Rocky Flats Environmental Technology Site USFWS and Texas A&M Biocontrol Release Locations 
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Figure 6−10. 2005 Revegetation Monitoring Locations 
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Table 6−4. 2005 Revegetation Species Richness Summary
 

Location/Transect # 
116 116 771 771 881 881 886 903 903 903 903 MST MST NL NL PLF PLF PLF SP SP Family Scientific Name Speccode 

T1 T2 T1 T2 T1 T2 T1 T1 T2 T3 T4 T1 T2 T1 T2 T1 T2 T3 T1 T2 
AGAVACEAE Yucca glauca Nutt. YUGL1         X            
ASCLEPIADACEAE Asclepias speciosa Torr. ASSP1          X           

ASTERACEAE Achillea millefolium L. ssp. lanulosa (Nutt.) Piper ACMI1       X  X            
ASTERACEAE Ambrosia artemisiifolia L. AMAR1 X  X X X X     X     X X X   
ASTERACEAE Ambrosia psilostachya DC. AMPS1  X X X   X X  X X X X X X X X  X X 

ASTERACEAE Arnica fulgens Pursh. ARFU1         X            
ASTERACEAE Artemisia campestris L. ssp. caudata (Michx.) Hall & Clem. ARCA1       X              
ASTERACEAE Artemisia frigida Willd. ARFR1       X              

ASTERACEAE Artemisia ludoviciana Nutt. var. ludoviciana ARLU1       X              
ASTERACEAE Aster falcatus Lindl. ASFA1  X            X X    X  
ASTERACEAE Aster porteri Gray ASPO1    X          X       

ASTERACEAE Carduus nutans L. ssp. macrolepis (Peterm.) Kazmi CANU1        X X X X X  X      X 
ASTERACEAE Centaurea cyanus L. CECY1                 X    
ASTERACEAE Centaurea cyanus L. CECY1                 X    

ASTERACEAE Centaurea diffusa Lam. CEDI1 X X X X X X X X X X X X X X X X X X X X 
ASTERACEAE Chrysanthemum leucanthemum L. CHLE1                X  X   
ASTERACEAE Chrysopsis fulcrata Greene CHFU1        X      X       

ASTERACEAE Chrysopsis villosa Pursh. CHVI1  X            X X      
ASTERACEAE Cichorium intybus L. CIIN1   X X                 
ASTERACEAE Cirsium arvense (L.) Scop. CIAR1 X X X  X X    X X   X X    X X 

ASTERACEAE Conyza canadensis (L.) Cronq. COCA1 X     X X  X X X   X X      
ASTERACEAE Coreopsis tinctoria Nutt. COTI1                 X    
ASTERACEAE Cosmos bipinnatus Cav. COBI1                 X    

ASTERACEAE Dimorphotheca aurantiaca D.C. DIAU1                 X    
ASTERACEAE Dyssodia papposa (Vent) Hitchc. DYPA1           X          
ASTERACEAE Erigeron divergens T. & G. ERDI1              X       

ASTERACEAE Gaillardia aristata Pursh. GAAR1 X X                   
ASTERACEAE Grindelia squarrosa (Pursh.) Dun. GRSQ1  X X X X X X   X X      X X  X 
ASTERACEAE Gutierrezia sarothrae (Pursh.) Britt. & Rusby GUSA1       X              

ASTERACEAE Helianthus annuus L. HEAN1    X X X   X X X     X X X X  
ASTERACEAE Heliomeris multiflora Nuttall HEMU1         X  X          
ASTERACEAE Lactuca serriola L. LASE1 X X X X X X X  X X X X X X X X X X  X 

ASTERACEAE Liatris punctata Hook. LIPU1        X      X       
ASTERACEAE Onopordum acanthium L. ONAC1             X        
ASTERACEAE Ratibida columnifera (Nutt.) Woot. & Standl. RACO1 X X                   

ASTERACEAE Scorzonera laciniata L. SCLA1 X X     X X    X  X     X X 
ASTERACEAE Solidago rigida L. SORI1                   X  
ASTERACEAE Sonchus arvensis L. ssp. arvensis L. SOAR1 X X  X X X     X   X       

ASTERACEAE Taraxacum officinale Weber TAOF1   X X          X X     X 
ASTERACEAE Tragopogon dubius Scop. TRDU1 X      X X   X X  X X    X X 
ASTERACEAE Xanthium strumarium L. XAST1     X X          X     

BORAGINACEAE Lithospermum incisum Lehm. LIIN1        X             
BRASSICACEAE Alyssum alyssoides (L.) L. ALAL1  X            X      X 
BRASSICACEAE Alyssum minus (L.) Rothmaler var. micranthus (C. A. Mey.) Dudley ALMI1 X X X X X X X X X X X X X X     X X 

BRASSICACEAE Camelina microcarpa Andrz. ex DC. CAMI1   X X   X   X  X X        
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Location/Transect # 

116 116 771 771 881 881 886 903 903 903 903 MST MST NL NL PLF PLF PLF SP SP Family Scientific Name Speccode 

T1 T2 T1 T2 T1 T2 T1 T1 T2 T3 T4 T1 T2 T1 T2 T1 T2 T3 T1 T2 
BRASSICACEAE Cardaria chalepensis (L.) Hand-Mazz CACH1           X          
BRASSICACEAE Descurainia pinnata (Walt.) Britt. DEPI1         X X X X X        

BRASSICACEAE Descurainia richardsonii (Sweet) Schultz DERI1            X X        
BRASSICACEAE Lepidium campestre (L.) R. Br. LECA1   X X   X         X     
BRASSICACEAE Physaria vitulifera Rydb. PHVI1          X           

BRASSICACEAE Sisymbrium altissimum L. SIAL1      X     X  X        
BRASSICACEAE Thlaspi arvense L. THAR1           X X X   X  X   
CARYOPHYLLACEAE Gypsophila elegans Bieb. GYEL1                 X    

CARYOPHYLLACEAE Paronychia jamesii T. & G. PAJA1              X       
CARYOPHYLLACEAE Silene antirrhina L. SIAN1   X X      X  X X        
CHENOPODIACEAE Chenopodium album L. CHAL1   X X X    X X X      X    

CHENOPODIACEAE Chenopodium botrys L. CHBO1     X                
CHENOPODIACEAE Chenopodium overi Aellen CHOV1     X X               
CHENOPODIACEAE Kochia scoparia (L.) Schrad. KOSC1 X X X X X X  X X  X    X      

CHENOPODIACEAE Salsola iberica Senn. & Pau. SAIB1 X   X  X   X      X X   X  
CLUSIACEAE Hypericum perforatum L. HYPE1  X                   
CONVOLVULACEAE Convolvulus arvensis L. COAR1 X X     X X X X          X 

CRASSULACEAE Sedum lanceolatum Torr. SELA1         X            
EUPHORBIACEAE Euphorbia serpyllifolia Pers. EUSE1         X       X     
EUPHORBIACEAE Euphorbia spathulata Lam. EUSP1           X          

FABACEAE Astragalus agrestis Dougl. ex G. Don ASAG1         X            
FABACEAE Medicago lupulina L. MELU1  X     X              
FABACEAE Medicago sativa L. ssp. sativa MESA1       X              

FABACEAE Melilotus alba Medic. MEAL1 X    X    X X X    X      
FABACEAE Melilotus officinalis (L.) Pall. MEOF1 X X  X X X X X  X X X X X  X X X X X 
FABACEAE Psoralea tenuiflora Pursh. PSTE1           X         X 

FABACEAE Trifolium pratense L. TRPR1  X                   
GERANIACEAE Erodium cicutarium (L.) L'Her. ERCI1 X X X X X X X  X X X    X X X X   
HYDROPHYLLACEAE Phacelia heterophylla Pursh. PHHE1           X          

LINACEAE Linum perenne L. var. lewisii (Pursh.) Eat. & Wright LIPE1       X  X X           
MALVACEAE Malva neglecta Wallr. MANE1  X     X              
ONAGRACEAE Oenothera villosa Thunb. ssp. strigosa (Rydb.) Dietrich & Raven OEVI1          X           

PLANTAGINACE Plantago lanceolata L. PLLA1 X X X X X X X X        X X X   
POACEAE Aegilops cylindrica Host AECY1         X         X   
POACEAE Agropyron caninum (L.) Beauv. ssp. majus (Vasey) C. L. Hitchc. AGCA1 X X X X X X X X X X X X X X X X X X X X 

POACEAE Agropyron cristatum (L.) Gaertn. AGCR1       X     X X      X  
POACEAE Agropyron desertorum (Fisch.) Schult. AGDE1       X X            X 
POACEAE Agropyron smithii Rydb. AGSM1 X X X X X X X X X  X X X X X X   X X 

POACEAE Andropogon gerardii Vitman ANGE1        X      X     X  
POACEAE Andropogon scoparius Michx. ANSC1 X       X      X X      
POACEAE Avena fatua var. sativa (L.) Hausskn. AVFA1                 X X   

POACEAE Bouteloua curtipendula (Michx.) Torr. BOCU1 X X      X   X   X X    X  
POACEAE Bouteloua gracilis (H. B. K.) Lag ex Griffiths BOGR1  X     X X      X X      
POACEAE Bromus inermis Leyss. ssp. inermis BRIN1 X X     X X X X X  X X     X X 

POACEAE Bromus japonicus Thunb. ex Murr. BRJA1 X  X X X X X X X X X X X X  X X X X X 
POACEAE Bromus tectorum L. BRTE1 X X X X   X X X X X X X X X X X X X X 
POACEAE Buchloe dactyloides (Nutt.) Engelm. BUDA1 X X   X X X X   X   X X    X X 
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Location/Transect # 

116 116 771 771 881 881 886 903 903 903 903 MST MST NL NL PLF PLF PLF SP SP Family Scientific Name Speccode 

T1 T2 T1 T2 T1 T2 T1 T1 T2 T3 T4 T1 T2 T1 T2 T1 T2 T3 T1 T2 
POACEAE Festuca ovina L. var. rydbergii St. Yves FEOV1       X X X  X          
POACEAE Festuca pratensis Huds. FEPR1  X   X                

POACEAE Hordeum jubatum L. HOJU1 X X   X X   X      X    X  
POACEAE Lolium perenne L. var. aristatum Willd. LOPE1   X        X       X   
POACEAE Muhlenbergia montana (Nutt.) Hitchc. MUMO1               X      

POACEAE Panicum capillare L. PACA1     X X   X X X    X X X X   
POACEAE Poa compressa L. POCO1   X X   X  X  X X X   X  X  X 
POACEAE Poa pratensis L. POPR1       X   X  X X        

POACEAE Secale cereale L. SECE1       X             X 
POACEAE Setaria viridis (L.) Beauv. SEVI1     X X   X       X  X   
POACEAE Sorghastrum nutans (L.) Nash SONU1 X       X      X X    X  

POACEAE Sporobolus asper (Michx.) Kunth SPAS1         X            
POACEAE Sporobolus cryptandrus (Torr.) A. Gray SPCR1  X       X            
POACEAE Stipa comata Trin. & Rupr. STCO1         X            

POACEAE Stipa viridula Trin. STVI1         X   X X        
POACEAE Triticum aestivum L. TRAE1           X   X X    X X 
POLEMONIACEAE Collomia linearis Nutt. COLI1   X X                 

POLYGONACEAE Polygonum arenastrum Jord. ex Bor. POAR1 X  X X X X         X X X X   
POLYGONACEAE Polygonum convolvulus L. POCO2   X X  X    X       X X   
POLYGONACEAE Polygonum persicaria L. POPE2     X X          X X X   

POLYGONACEAE Polygonum ramosissimum Michx. PORA1   X X       X          
POLYGONACEAE Rumex crispus L. RUCR1            X   X      
RUBIACEAE Galium aparine L. GAAP1   X                  

SANTALACEAE Comandra umbellata (L.) Nutt. COUM1    X                 
SCROPHULARIACEAE Linaria dalmatica (L.) Mill. LIDA1       X   X   X  X      
SCROPHULARIACEAE Verbascum blattaria L. VEBL1         X            

SCROPHULARIACEAE Verbascum thapsus L. VETH1  X    X  X X X X         X 
SOLANACEAE Solanum triflorum Nutt. SOTR1         X  X          
VERBENACEAE Lippia cuneifolia (Torr.) Steud. LICU1           X          

VERBENACEAE Verbena bracteata Lag. & Rodr. VEBR1 X X  X X X X    X     X X X  X 
  Unknown Species UNKN    X                 
 Total # Species 30 34 27 32 28 29 38 27 39 30 43 22 22 32 28 24 24 23 23 26 

 Total # Species/Location 43 35 33 38 78 26 42 35 35 
 % Native Species 40 44 33 39 43 41 39 48 54 40 47 32 32 53 50 38 33 26 48 27 
 # Species Seeded 11 11 7 7 7 7 14 11 11 7 7 10 10 14 14 13 13 13 14 14 

 # Seeded Species Present 6 6 2 2 3 3 5 8 4 1 4 3 3 9 7 2 1 1 6 3 
 Total # Species Present by Location 8 2 3 5 10 4 3 9 2 6 

Location Abbreviations: MST = MST tank area, NL = New Landfill, SP = Solar Ponds, PLF = Present Landfill, numbers represent old building locations. 
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Slightly different seed mixes were used at the different locations. One of the success criteria in 
the Revegetation Plan (K-H 2005m) states that at least 50 percent of the seeded species must be 
present in an area for it to be considered successful. The total number of species seeded at these 
locations was 14 species at the New Landfill, Solar Ponds, and Building 886, 13 species at the 
Present Landfill, 11 species at Building 116 and the upper xeric areas at the 903 lip (Transects 1 
and 2), 10 species at the MST tank area, and 7 species at Buildings 771 and 881, and the 
hillslope areas at the 903 lip (Transects 3 and 4). Table 6−5 lists the species seeded at each 
location. Based on the total number of seeded species present in 2005 (Table 6−4), the following 
locations have met or exceeded the success criterion for species richness: Building 116, 
Transects 1 and 2 at the 903 lip area, and the New Landfill. Two possible reasons may account 
for the apparent lack of establishment of the seeded species at the other locations. One likely 
reason is that these data only represent a small portion of the overall area at each revegetation 
location. It is very likely that individuals of the other seeded species are present in the 
revegetation area, however, the sample design simply did not pick them up. A second reason is 
simply that the conditions needed for germination of some of the species may have not been met 
yet and so the species are not present. 
 

Table 6−5. Seed Species By Location 
 

Family Scientific Name 116 771 881 886 903 
Xeric 

903  
Hillslope MST NL PLF SP 

Graminoids 

POACEAE Agropyron 
caninum X X X X X X X X X X 

POACEAE Agropyron 
dasystachum  X X X  X X X X X 

POACEAE Agropyron 
lanceolatus         X  

POACEAE Agropyron smithii X X X X X X X X X X 

POACEAE Andropogon 
gerardii X   X X   X X X 

POACEAE Andropogon 
scoparius X   X X   X  X 

POACEAE Bouteloua 
curtipendula X X X X X X X X X X 

POACEAE Bouteloua gracilis X X X X X X X X X X 

POACEAE Buchloe 
dactyloides X X X X X X X X X X 

POACEAE Koleria 
pyrimidata X   X X   X X X 

POACEAE Poa canbyi         X  

POACEAE Sorghastrum 
nutans X   X X   X X X 

POACEAE Sporobolus 
cryptandrus X    X    X  

POACEAE Stipa viridula X X X X X X X X X X 

Forbs 

ASTERACEAE Achillea 
millifolium       X    

ASTERACEAE Gallarida aristata    X    X  X 

ASTERACEAE Liatris punctata    X    X  X 

ASTERACEAE Ratibida 
columnifera    X   X X  X 

LINACEAE Linum lewisii       X    

 Total # Species 
Seeded 11 7 7 14 11 7 10 14 13 14 

Location Abbreviations: MST = MST tank area, NL = New Landfill, SP = Solar Ponds, PLF = Present Landfill, numbers represent old 
building locations.
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Ground cover protection from rock, litter, and current year live vegetation varied from 55 percent 
to 100 percent at the revegetation locations in 2005 (Table 6−6). Another success criterion 
outlined in the Revegetation Plan for the Site (K-H 2005m), states a minimum of 70 percent total 
ground cover comprised of litter cover, current year live vegetation basal cover, and rock cover 
is to be present to help prevent erosion. Based on the 2005 data, only the New Landfill and 
Transects 3 and 4 on the hillsides at the 903 lip area did not meet this criterion. It should be 
noted that at the Present Landfill, 903 lip area, Building 771, and Building 881, some of the 
ground cover came from the erosion mat that was present. This was counted as litter. It is 
expected that in time as the erosion mat disappears, plant litter or vegetation cover will replace it. 
Currently it provides erosion protection which is what the ground cover measure is evaluating. 
 

Table 6−6. 2005 Revegetation Monitoring Basal Cover Summary 
 
Speccode 116 116 771 771 881 881 886 903 903 903 903 
  T1 T2 T1 T2 T1 T2 T1 T1 T2 T3 T4 
Vegetation (%) 0 1 0 1 0 3 5 6 0 0 3 
Bare Ground (%) 8 28 0 0 7 0 13 17 23 31 45 
Litter (%) 43 33 97 96 91 96 82 46 43 62 48 

Rock (%) 49 38 3 3 2 1 0 31 34 7 4 

Total Rock, Litter, and Vegetation (%) 92 72 100 100 93 100 87 83 77 69 55 
Total Cover (%) 100 100 100 100 100 100 100 100 100 100 100 

 
Speccode MST MST NL NL PLF PLF PLF SP SP MST  
  T1 T2 T1 T2 T1 T2 T3 T1 T2 T1  
Vegetation (%) 4 1 1 3 0 0 1 2 4 4  
Bare Ground (%) 4 1 23 35 0 0 0 27 15 4  

Litter (%) 92 98 39 20 100 100 99 58 61 92  
Rock (%) 0 0 37 42 0 0 0 13 20 0  

Total Rock, Litter, and Vegetation (%) 96 99 77 65 100 100 100 73 85 96  
Total Cover (%) 100 100 100 100 100 100 100 100 100 100  
Location Abbreviations: MST = MST tank area, NL = New Landfill, SP = Solar Ponds, PLF = Present Landfill, numbers represent old 
building locations. 

 
 
A third success criterion outlined in the Revegetation Plan for the Site (K-H 2005m), states that a 
minimum of 30 percent relative cover of desired species must be present and a forth criterion 
states that no single species comprise more than 45 percent of the total relative cover. Table 6−7 
summarizes the foliar cover data for each transect monitored in 2005 and also summaries the 
data by location. Total relative vegetation cover of desired (native) species was greater than 
30 percent at every monitoring location with the exception of the Building 881 location in 2005 
(28.6 percent; Table 6−7). Several of the monitoring locations had a single species that 
comprised greater than 45 percent of the relative cover at the location. At Buildings 116 and 771, 
and the Solar Ponds area, slender wheatgrass was dominant with 62 percent, 48 percent, and 51 
percent relative foliar cover, respectively. At Building 886, the Japanese brome dominated the 
area with 47 percent relative foliar cover. At Building 881, the 903 lip area, the MST area, New 
Landfill, and Present Landfill, no single species provided greater than 45 percent of the relative 
foliar cover. As additional seeded species become more abundant it is expected that the 
dominance of the slender wheatgrass will decline. 
.
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Table 6−7. 2005 Revegetation Foliar Cover Summary 
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116 771 881 

Scientific Name Speccode Growth 
Form Native 

Cool/ 
Warm 

Season 

T1 T2 Mean Mean T1 T2 Mean Mean T1 T2 Mean Mean 

Alyssum minus (L.) Rothmaler var. micranthus (C. A. Mey.) Dudley ALMI1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Camelina microcarpa Andrz. ex DC. CAMI1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Carduus nutans L. ssp. macrolepis (Peterm.) Kazmi CANU1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Centaurea diffusa Lam. CEDI1 F N      0.0 0.0 5.0 23.8 4.0 23.5 4.5 23.7 2.0 10.0 7.0 25.0 4.5 17.5 

Chenopodium album L. CHAL1 F N      0.0 0.0     0.0 0.0 1.0 5.0   0.5 2.5 

Cirsium arvense (L.) Scop. CIAR1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Convolvulus arvensis L. COAR1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Erodium cicutarium (L.) L'Her. ERCI1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Kochia scoparia (L.) Schrad. KOSC1 F N      0.0 0.0     0.0 0.0   7.0 25.0 3.5 12.5 

Lactuca serriola L. LASE1 F N  2.0 12.5   1.0 6.3 1.0 4.8   0.5 2.4     0.0 0.0 

Linaria dalmatica (L.) Mill. LIDA1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Melilotus alba Medic. MEAL1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Medicago lupulina L. MELU1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Melilotus officinalis (L.) Pall. MEOF1 F N    6.0 18.2 3.0 9.1     0.0 0.0   4.0 14.3 2.0 7.1 

Medicago sativa L. ssp. sativa MESA1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Plantago lanceolata L. PLLA1 F N  1.0 6.3   0.5 3.1     0.0 0.0     0.0 0.0 

Polygonum arenastrum Jord. ex Bor. POAR1 F N      0.0 0.0     0.0 0.0 12.0 60.0 1.0 3.6 6.5 31.8 

Polygonum convolvulus L. POCO2 F N      0.0 0.0 2.0 9.5   1.0 4.8     0.0 0.0 

Salsola iberica Senn. & Pau. SAIB1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Scorzonera laciniata L. SCLA1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Sisymbrium altissimum L. SIAL1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Taraxacum officinale Weber TAOF1 F N      0.0 0.0   1.0 5.9 0.5 2.9     0.0 0.0 

Triticum aestivum L. TRAE1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Verbascum thapsus L. VETH1 F N      0.0 0.0     0.0 0.0     0.0 0.0 

Ambrosia artemisiifolia L. AMAR1 F Y  3.0 18.8   1.5 9.4 1.0 4.8   0.5 2.4     0.0 0.0 

Ambrosia psilostachya DC. AMPS1 F Y      0.0 0.0     0.0 0.0     0.0 0.0 

Descurainia pinnata (Walt.) Britt. DEPI1 F Y      0.0 0.0     0.0 0.0     0.0 0.0 

Descurainia richardsonii (Sweet) Schultz DERI1 F Y      0.0 0.0     0.0 0.0     0.0 0.0 

Galium aparine L. GAAP1 F Y      0.0 0.0 1.0 4.8   0.5 2.4     0.0 0.0 

Grindelia squarrosa (Pursh.) Dun. GRSQ1 F Y    1.0 3.0 0.5 1.5     0.0 0.0     0.0 0.0 

Helianthus annuus L. HEAN1 F Y      0.0 0.0     0.0 0.0 2.0 10.0 2.0 7.1 2.0 8.6 

Heliomeris multiflora Nuttall HEMU1 F Y      0.0 0.0     0.0 0.0     0.0 0.0 

Lippia cuneifolia (Torr.) Steud. LICU1 F Y      0.0 0.0     0.0 0.0     0.0 0.0 

Linum perenne L. var. lewisii (Pursh.) Eat. & Wright LIPE1 F Y      0.0 0.0     0.0 0.0     0.0 0.0 

Verbena bracteata Lag. & Rodr. VEBR1 F Y    1.0 3.0 0.5 1.5     0.0 0.0     0.0 0.0 

Agropyron cristatum (L.) Gaertn. AGCR1 G N C     0.0 0.0     0.0 0.0     0.0 0.0 

Bromus inermis Leyss. ssp. inermis BRIN1 G N C   1.0 3.0 0.5 1.5     0.0 0.0     0.0 0.0 

Bromus japonicus Thunb. ex Murr. BRJA1 G N C     0.0 0.0     0.0 0.0     0.0 0.0 

Bromus tectorum L. BRTE1 G N C     0.0 0.0 1.0 4.8   0.5 2.4     0.0 0.0 

Lolium perenne L. var. aristatum Willd. LOPE1 G N C     0.0 0.0 1.0 4.8   0.5 2.4     0.0 0.0 

Poa compressa L. POCO1 G N C     0.0 0.0   2.0 11.8 1.0 5.9     0.0 0.0 

Poa pratensis L. POPR1 G N C     0.0 0.0     0.0 0.0     0.0 0.0 
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Table 6−4 (continued). 2005 Revegetation Foliar Cover Summary 
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116 771 881 

Scientific Name Speccode Growth 
Form Native 

Cool/ 
Warm 

Season 

T1 T2 Mean Mean T1 T2 Mean Mean T1 T2 Mean Mean 

Agropyron caninum (L.) Beauv. ssp. majus (Vasey) C. L. Hitchc. AGCA1 G Y C 9.0 56.3 22.0 66.7 15.5 61.5 9.0 42.9 9.0 52.9 9.0 47.9 2.0 10.0 6.0 21.4 4.0 15.7 

Agropyron smithii Rydb. AGSM1 G Y C   1.0 3.0 0.5 1.5   1.0 5.9 0.5 2.9 1.0 5.0   0.5 2.5 

Festuca ovina L. var. rydbergii St. Yves FEOV1 G Y C     0.0 0.0     0.0 0.0     0.0 0.0 

Hordeum jubatum L. HOJU1 G Y C 1.0 6.3   0.5 3.1     0.0 0.0     0.0 0.0 

Stipa viridula Trin. STVI1 G Y C     0.0 0.0     0.0 0.0     0.0 0.0 

Andropogon gerardii Vitman ANGE1 G Y W     0.0 0.0     0.0 0.0     0.0 0.0 

Andropogon scoparius Michx. ANSC1 G Y W     0.0 0.0     0.0 0.0     0.0 0.0 

Bouteloua curtipendula (Michx.) Torr. BOCU1 G Y W   1.0 3.0 0.5 1.5     0.0 0.0     0.0 0.0 

Bouteloua gracilis (H. B. K.) Lag ex Griffiths BOGR1 G Y W     0.0 0.0     0.0 0.0     0.0 0.0 

Buchloe dactyloides (Nutt.) Engelm. BUDA1 G Y W     0.0 0.0     0.0 0.0   1.0 3.6 0.5 1.8 

Panicum capillare L. PACA1 G Y W     0.0 0.0     0.0 0.0     0.0 0.0 

Sorghastrum nutans (L.) Nash SONU1 G Y W     0.0 0.0     0.0 0.0     0.0 0.0 

Sporobolus asper (Michx.) Kunth SPAS1 G Y W     0.0 0.0     0.0 0.0     0.0 0.0 

Total Foliar Cover 16.0 100.0 33.0 100.0 24.5 100.0 21.0 100.0 17.0 100.0 19.0 100.0 20.0 100.0 28.0 100.0 24.0 100.0 

Total Native Cover 13.0 81.3 26.0 78.8 19.5 80.0 11.0 52.4 10.0 58.8 10.5 55.6 5.0 25.0 9.0 32.1 7.0 28.6 

Total Non-Native Cover 3.0 18.8 7.0 21.2 5.0 20.0 10.0 47.6 7.0 41.2 8.5 44.4 15.0 75.0 19.0 67.9 17.0 71.4 

Total Forb Cover 6.0 37.5 8.0 24.2 7.0 30.9 10.0 47.6 5.0 29.4 7.5 38.5 17.0 85.0 21.0 75.0 19.0 80.0 

Total Native Forb Cover 3.0 18.8 2.0 6.1 2.5 12.4 2.0 9.5 0.0 0.0 1.0 4.8 2.0 10.0 2.0 7.1 2.0 8.6 

Total Non-Native Forb Cover 3.0 18.8 6.0 18.2 4.5 18.5 8.0 38.1 5.0 29.4 6.5 33.8 15.0 75.0 19.0 67.9 17.0 71.4 

Total Graminoid Cover 10.0 62.5 25.0 75.8 17.5 69.1 11.0 52.4 12.0 70.6 11.5 61.5 3.0 15.0 7.0 25.0 5.0 20.0 

Total Native Graminoid Cover 10.0 62.5 24.0 72.7 17.0 67.6 9.0 42.9 10.0 58.8 9.5 50.8 3.0 15.0 7.0 25.0 5.0 20.0 

Total Non-Native Graminoid Cover 0.0 0.0 1.0 3.0 0.5 1.5 2.0 9.5 2.0 11.8 2.0 10.6 0.0 0.0 0.0 0.0 0.0 0.0 

Total Cool-Season Graminoid Cover 10.0 62.5 24.0 72.7 17.0 67.6 11.0 52.4 12.0 70.6 11.5 61.5 3.0 15.0 6.0 21.4 4.5 18.2 

Total Warm-Season Graminoid Cover 0.0 0.0 1.0 3.0 0.5 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 3.6 0.5 1.8 

Location Abbreviations: MST = MST tank area, NL = New Landfill, SP = Solar Ponds, PLF = Present Landfill, numbers represent old building locations. 
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Table 6−4 (continued). 2005 Revegetation Foliar Cover Summary 
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886 903 MST 

Scientific Name Speccode Growth 
Form Native 

Cool/ 
Warm 

Season 

T1 T1 T2 T3 T4 Mean Mean T1 T2 Mean Mean 

Alyssum minus (L.) Rothmaler var. micranthus (C. A. Mey.) Dudley ALMI1 F N  10.0 11.4   1.0 2.4 2.0 4.2   0.8 1.6 1.0 1.1 3.0 3.2 2.0 2.1 

Camelina microcarpa Andrz. ex DC. CAMI1 F N  1.0 1.1         0.0 0.0     0.0 0.0 

Carduus nutans L. ssp. macrolepis (Peterm.) Kazmi CANU1 F N      6.0 14.3 1.0 2.1   1.8 4.1     0.0 0.0 

Centaurea diffusa Lam. CEDI1 F N    1.0 2.1 4.0 9.5   1.0 3.6 1.5 3.8     0.0 0.0 

Chenopodium album L. CHAL1 F N            0.0 0.0     0.0 0.0 

Cirsium arvense (L.) Scop. CIAR1 F N        30.0 62.5 2.0 7.1 8.0 17.4     0.0 0.0 

Convolvulus arvensis L. COAR1 F N    1.0 2.1 3.0 7.1 9.0 18.8   3.3 7.0     0.0 0.0 

Erodium cicutarium (L.) L'Her. ERCI1 F N  1.0 1.1     1.0 2.1   0.3 0.5     0.0 0.0 

Kochia scoparia (L.) Schrad. KOSC1 F N      6.0 14.3   1.0 3.6 1.8 4.5     0.0 0.0 

Lactuca serriola L. LASE1 F N  1.0 1.1     2.0 4.2   0.5 1.0   2.0 2.1 1.0 1.1 

Linaria dalmatica (L.) Mill. LIDA1 F N        1.0 2.1   0.3 0.5     0.0 0.0 

Melilotus alba Medic. MEAL1 F N      1.0 2.4 1.0 2.1   0.5 1.1     0.0 0.0 

Medicago lupulina L. MELU1 F N  1.0 1.1         0.0 0.0     0.0 0.0 

Melilotus officinalis (L.) Pall. MEOF1 F N  1.0 1.1 2.0 4.3       0.5 1.1 9.0 9.6 5.0 5.3 7.0 7.4 

Medicago sativa L. ssp. sativa MESA1 F N  1.0 1.1         0.0 0.0     0.0 0.0 

Plantago lanceolata L. PLLA1 F N            0.0 0.0     0.0 0.0 

Polygonum arenastrum Jord. ex Bor. POAR1 F N            0.0 0.0     0.0 0.0 

Polygonum convolvulus L. POCO2 F N            0.0 0.0     0.0 0.0 

Salsola iberica Senn. & Pau. SAIB1 F N            0.0 0.0     0.0 0.0 

Scorzonera laciniata L. SCLA1 F N    1.0 2.1       0.3 0.5     0.0 0.0 

Sisymbrium altissimum L. SIAL1 F N            0.0 0.0   1.0 1.1 0.5 0.5 

Taraxacum officinale Weber TAOF1 F N            0.0 0.0     0.0 0.0 

Triticum aestivum L. TRAE1 F N            0.0 0.0     0.0 0.0 

Verbascum thapsus L. VETH1 F N      1.0 2.4     0.3 0.6     0.0 0.0 

Ambrosia artemisiifolia L. AMAR1 F Y          1.0 3.6 0.3 0.9     0.0 0.0 

Ambrosia psilostachya DC. AMPS1 F Y  1.0 1.1     1.0 2.1   0.3 0.5     0.0 0.0 

Descurainia pinnata (Walt.) Britt. DEPI1 F Y      1.0 2.4     0.3 0.6 6.0 6.4 7.0 7.4 6.5 6.9 

Descurainia richardsonii (Sweet) Schultz DERI1 F Y            0.0 0.0 9.0 9.6 24.0 25.5 16.5 17.6 

Galium aparine L. GAAP1 F Y            0.0 0.0     0.0 0.0 

Grindelia squarrosa (Pursh.) Dun. GRSQ1 F Y            0.0 0.0     0.0 0.0 

Helianthus annuus L. HEAN1 F Y          1.0 3.6 0.3 0.9     0.0 0.0 

Heliomeris multiflora Nuttall HEMU1 F Y      1.0 2.4   1.0 3.6 0.5 1.5     0.0 0.0 

Lippia cuneifolia (Torr.) Steud. LICU1 F Y          2.0 7.1 0.5 1.8     0.0 0.0 

Linum perenne L. var. lewisii (Pursh.) Eat. & Wright LIPE1 F Y  9.0 10.2         0.0 0.0     0.0 0.0 

Verbena bracteata Lag. & Rodr. VEBR1 F Y            0.0 0.0     0.0 0.0 

Agropyron cristatum (L.) Gaertn. AGCR1 G N C 2.0 2.3         0.0 0.0   1.0 1.1 0.5 0.5 

Bromus inermis Leyss. ssp. inermis BRIN1 G N C 1.0 1.1   2.0 4.8     0.5 1.2     0.0 0.0 

Bromus japonicus Thunb. ex Murr. BRJA1 G N C 41.0 46.6 1.0 2.1     1.0 3.6 0.5 1.4 4.0 4.3   2.0 2.1 

Bromus tectorum L. BRTE1 G N C 1.0 1.1   2.0 4.8   1.0 3.6 0.8 2.1 17.0 18.1 12.0 12.8 14.5 15.4 

Lolium perenne L. var. aristatum Willd. LOPE1 G N C           0.0 0.0     0.0 0.0 

Poa compressa L. POCO1 G N C           0.0 0.0 2.0 2.1 1.0 1.1 1.5 1.6 

Poa pratensis L. POPR1 G N C           0.0 0.0   2.0 2.1 1.0 1.1 

Agropyron caninum (L.) Beauv. ssp. majus (Vasey) C. L. Hitchc. AGCA1 G Y C 7.0 8.0 12.0 25.5 10.0 23.8   16.0 57.1 9.5 26.6   1.0 1.1 0.5 0.5 
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Table 6−4 (continued). 2005 Revegetation Foliar Cover Summary 
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886 903 MST 

Scientific Name Speccode Growth 
Form Native 

Cool/ 
Warm 

Season 

T1 T1 T2 T3 T4 Mean Mean T1 T2 Mean Mean 

Agropyron smithii Rydb. AGSM1 G Y C 5.0 5.7   3.0 7.1     0.8 1.8 38.0 40.4 20.0 21.3 29.0 30.9 

Festuca ovina L. var. rydbergii St. Yves FEOV1 G Y C 2.0 2.3       1.0 3.6 0.3 0.9     0.0 0.0 

Hordeum jubatum L. HOJU1 G Y C           0.0 0.0     0.0 0.0 

Stipa viridula Trin. STVI1 G Y C           0.0 0.0 8.0 8.5 15.0 16.0 11.5 12.2 

Andropogon gerardii Vitman ANGE1 G Y W   1.0 2.1       0.3 0.5     0.0 0.0 

Andropogon scoparius Michx. ANSC1 G Y W   1.0 2.1       0.3 0.5     0.0 0.0 

Bouteloua curtipendula (Michx.) Torr. BOCU1 G Y W   12.0 25.5       3.0 6.4     0.0 0.0 

Bouteloua gracilis (H. B. K.) Lag ex Griffiths BOGR1 G Y W 3.0 3.4 4.0 8.5       1.0 2.1     0.0 0.0 

Buchloe dactyloides (Nutt.) Engelm. BUDA1 G Y W   10.0 21.3       2.5 5.3     0.0 0.0 

Panicum capillare L. PACA1 G Y W           0.0 0.0     0.0 0.0 

Sorghastrum nutans (L.) Nash SONU1 G Y W   1.0 2.1       0.3 0.5     0.0 0.0 

Sporobolus asper (Michx.) Kunth SPAS1 G Y W     1.0 2.4     0.3 0.6     0.0 0.0 

Total Foliar Cover 88.0 100.0 47.0 100.0 42.0 100.0 48.0 100.0 28.0 100.0 41.3 100.0 94.0 100.0 94.0 100.0 94.0 100.0 

Total Native Cover 27.0 30.7 41.0 87.2 16.0 38.1 1.0 2.1 22.0 78.6 20.0 51.5 61.0 64.9 67.0 71.3 64.0 68.1 

Total Non-Native Cover 61.0 69.3 6.0 12.8 26.0 61.9 47.0 97.9 6.0 21.4 21.3 48.5 33.0 35.1 27.0 28.7 30.0 31.9 

Total Forb Cover 26.0 29.5 5.0 10.6 24.0 57.1 48.0 100.0 9.0 32.1 21.5 50.0 25.0 26.6 42.0 44.7 33.5 35.6 

Total Native Forb Cover 10.0 11.4 0.0 0.0 2.0 4.8 1.0 2.1 5.0 17.9 2.0 6.2 15.0 16.0 31.0 33.0 23.0 24.5 

Total Non-Native Forb Cover 16.0 18.2 5.0 10.6 22.0 52.4 47.0 97.9 4.0 14.3 19.5 43.8 10.0 10.6 11.0 11.7 10.5 11.2 

Total Graminoid Cover 62.0 70.5 42.0 89.4 18.0 42.9 0.0 0.0 19.0 67.9 19.8 50.0 69.0 73.4 52.0 55.3 60.5 64.4 

Total Native Graminoid Cover 17.0 19.3 41.0 87.2 14.0 33.3 0.0 0.0 17.0 60.7 18.0 45.3 46.0 48.9 36.0 38.3 41.0 43.6 

Total Non-Native Graminoid Cover 45.0 51.1 1.0 2.1 4.0 9.5 0.0 0.0 2.0 7.1 1.8 4.7 23.0 24.5 16.0 17.0 19.5 20.7 

Total Cool-Season Graminoid Cover 59.0 67.0 13.0 27.7 17.0 40.5 0.0 0.0 19.0 67.9 12.3 34.0 69.0 73.4 52.0 55.3 60.5 64.4 

Total Warm-Season Graminoid Cover 3.0 3.4 29.0 61.7 1.0 2.4 0.0 0.0 0.0 0.0 7.5 16.0 0.0 0.0 0.0 0.0 0.0 0.0 

Location Abbreviations: MST = MST tank area, NL = New Landfill, SP = Solar Ponds, PLF = Present Landfill, numbers represent old building locations. 
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Table 6−4 (continued). 2005 Revegetation Foliar Cover Summary 
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NL PLF SP 

Scientific Name Speccode Growth 
Form Native 

Cool/ 
Warm 

Season 

T1 T2 Mean Mean T1 T2 T3 Mean Mean T1 T2 Mean Mean 

Alyssum minus (L.) Rothmaler var. micranthus (C. A. Mey.) Dudley ALMI1 F N      0.0 0.0       0.0 0.0   1.0 1.7 0.5 0.8 

Camelina microcarpa Andrz. ex DC. CAMI1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Carduus nutans L. ssp. macrolepis (Peterm.) Kazmi CANU1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Centaurea diffusa Lam. CEDI1 F N  2.0 8.3 8.0 27.6 5.0 18.0       0.0 0.0 6.0 11.8 12.0 20.3 9.0 16.1 

Chenopodium album L. CHAL1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Cirsium arvense (L.) Scop. CIAR1 F N      0.0 0.0       0.0 0.0 2.0 3.9   1.0 2.0 

Convolvulus arvensis L. COAR1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Erodium cicutarium (L.) L'Her. ERCI1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Kochia scoparia (L.) Schrad. KOSC1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Lactuca serriola L. LASE1 F N  1.0 4.2   0.5 2.1       0.0 0.0   3.0 5.1 1.5 2.5 

Linaria dalmatica (L.) Mill. LIDA1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Melilotus alba Medic. MEAL1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Medicago lupulina L. MELU1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Melilotus officinalis (L.) Pall. MEOF1 F N  1.0 4.2   0.5 2.1       0.0 0.0 7.0 13.7 14.0 23.7 10.5 18.7 

Medicago sativa L. ssp. sativa MESA1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Plantago lanceolata L. PLLA1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Polygonum arenastrum Jord. ex Bor. POAR1 F N      0.0 0.0 1.0 10.0 1.0 14.3 1.0 11.1 1.0 11.8     0.0 0.0 

Polygonum convolvulus L. POCO2 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Salsola iberica Senn. & Pau. SAIB1 F N    7.0 24.1 3.5 12.1       0.0 0.0     0.0 0.0 

Scorzonera laciniata L. SCLA1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Sisymbrium altissimum L. SIAL1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Taraxacum officinale Weber TAOF1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Triticum aestivum L. TRAE1 F N  1.0 4.2   0.5 2.1       0.0 0.0 1.0 2.0   0.5 1.0 

Verbascum thapsus L. VETH1 F N      0.0 0.0       0.0 0.0     0.0 0.0 

Ambrosia artemisiifolia L. AMAR1 F Y      0.0 0.0 7.0 70.0   4.0 44.4 3.7 38.1     0.0 0.0 

Ambrosia psilostachya DC. AMPS1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Descurainia pinnata (Walt.) Britt. DEPI1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Descurainia richardsonii (Sweet) Schultz DERI1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Galium aparine L. GAAP1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Grindelia squarrosa (Pursh.) Dun. GRSQ1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Helianthus annuus L. HEAN1 F Y      0.0 0.0   2.0 28.6 1.0 11.1 1.0 13.2 1.0 2.0   0.5 1.0 

Heliomeris multiflora Nuttall HEMU1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Lippia cuneifolia (Torr.) Steud. LICU1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Linum perenne L. var. lewisii (Pursh.) Eat. & Wright LIPE1 F Y      0.0 0.0       0.0 0.0     0.0 0.0 

Verbena bracteata Lag. & Rodr. VEBR1 F Y      0.0 0.0 1.0 10.0     0.3 3.3     0.0 0.0 

Agropyron cristatum (L.) Gaertn. AGCR1 G N C     0.0 0.0       0.0 0.0     0.0 0.0 

Bromus inermis Leyss. ssp. inermis BRIN1 G N C     0.0 0.0       0.0 0.0     0.0 0.0 

Bromus japonicus Thunb. ex Murr. BRJA1 G N C     0.0 0.0   1.0 14.3   0.3 4.8   2.0 3.4 1.0 1.7 

Bromus tectorum L. BRTE1 G N C 2.0 8.3   1.0 4.2       0.0 0.0 2.0 3.9 2.0 3.4 2.0 3.7 

Lolium perenne L. var. aristatum Willd. LOPE1 G N C     0.0 0.0       0.0 0.0     0.0 0.0 

Poa compressa L. POCO1 G N C     0.0 0.0       0.0 0.0     0.0 0.0 

Poa pratensis L. POPR1 G N C     0.0 0.0       0.0 0.0     0.0 0.0 

Agropyron caninum (L.) Beauv. ssp. majus (Vasey) C. L. Hitchc. AGCA1 G Y C 3.0 12.5 7.0 24.1 5.0 18.3   2.0 28.6 3.0 33.3 1.7 20.6 30.0 58.8 25.0 42.4 27.5 50.6 
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Table 6−4 (continued). 2005 Revegetation Foliar Cover Summary 
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NL PLF SP 

Scientific Name Speccode Growth 
Form Native 

Cool/ 
Warm 

Season 

T1 T2 Mean Mean T1 T2 T3 Mean Mean T1 T2 Mean Mean 

Agropyron smithii Rydb. AGSM1 G Y C 2.0 8.3 3.0 10.3 2.5 9.3       0.0 0.0     0.0 0.0 

Festuca ovina L. var. rydbergii St. Yves FEOV1 G Y C     0.0 0.0       0.0 0.0     0.0 0.0 

Hordeum jubatum L. HOJU1 G Y C     0.0 0.0       0.0 0.0     0.0 0.0 

Stipa viridula Trin. STVI1 G Y C     0.0 0.0       0.0 0.0     0.0 0.0 

Andropogon gerardii Vitman ANGE1 G Y W     0.0 0.0       0.0 0.0     0.0 0.0 

Andropogon scoparius Michx. ANSC1 G Y W 2.0 8.3   1.0 4.2       0.0 0.0     0.0 0.0 

Bouteloua curtipendula (Michx.) Torr. BOCU1 G Y W 3.0 12.5   1.5 6.3       0.0 0.0     0.0 0.0 

Bouteloua gracilis (H. B. K.) Lag ex Griffiths BOGR1 G Y W   2.0 6.9 1.0 3.4       0.0 0.0     0.0 0.0 

Buchloe dactyloides (Nutt.) Engelm. BUDA1 G Y W 4.0 16.7 2.0 6.9 3.0 11.8       0.0 0.0 2.0 3.9   1.0 2.0 

Panicum capillare L. PACA1 G Y W     0.0 0.0 1.0 10.0 1.0 14.3   0.7 8.1     0.0 0.0 

Sorghastrum nutans (L.) Nash SONU1 G Y W 3.0 12.5   1.5 6.3       0.0 0.0     0.0 0.0 

Sporobolus asper (Michx.) Kunth SPAS1 G Y W     0.0 0.0       0.0 0.0     0.0 0.0 

Total Foliar Cover 24.0 100.0 29.0 100.0 26.5 100.0 10.0 100.0 7.0 100.0 9.0 100.0 8.7 100.0 51.0 100.0 59.0 100.0 55.0 100.0 

Total Native Cover 17.0 70.8 14.0 48.3 15.5 59.6 9.0 90.0 5.0 71.4 8.0 88.9 7.3 83.4 33.0 64.7 25.0 42.4 29.0 53.5 

Total Non-Native Cover 7.0 29.2 15.0 51.7 11.0 40.4 1.0 10.0 2.0 28.6 1.0 11.1 1.3 16.6 18.0 35.3 34.0 57.6 26.0 46.5 

Total Forb Cover 5.0 20.8 15.0 51.7 10.0 36.3 9.0 90.0 3.0 42.9 6.0 66.7 6.0 66.5 17.0 33.3 30.0 50.8 23.5 42.1 

Total Native Forb Cover 0.0 0.0 0.0 0.0 0.0 0.0 8.0 80.0 2.0 28.6 5.0 55.6 5.0 54.7 1.0 2.0 0.0 0.0 0.5 1.0 

Total Non-Native Forb Cover 5.0 20.8 15.0 51.7 10.0 36.3 1.0 10.0 1.0 14.3 1.0 11.1 1.0 11.8 16.0 31.4 30.0 50.8 23.0 41.1 

Total Graminoid Cover 19.0 79.2 14.0 48.3 16.5 63.7 1.0 10.0 4.0 57.1 3.0 33.3 2.7 33.5 34.0 66.7 29.0 49.2 31.5 57.9 

Total Native Graminoid Cover 17.0 70.8 14.0 48.3 15.5 59.6 1.0 10.0 3.0 42.9 3.0 33.3 2.3 28.7 32.0 62.7 25.0 42.4 28.5 52.6 

Total Non-Native Graminoid Cover 2.0 8.3 0.0 0.0 1.0 4.2 0.0 0.0 1.0 14.3 0.0 0.0 0.3 4.8 2.0 3.9 4.0 6.8 3.0 5.4 

Total Cool-Season Graminoid Cover 7.0 29.2 10.0 34.5 8.5 31.8 0.0 0.0 3.0 42.9 3.0 33.3 2.0 25.4 32.0 62.7 29.0 49.2 30.5 55.9 

Total Warm-Season Graminoid Cover 12.0 50.0 4.0 13.8 8.0 31.9 1.0 10.0 1.0 14.3 0.0 0.0 0.7 8.1 2.0 3.9 0.0 0.0 1.0 2.0 

Location Abbreviations: MST = MST tank area, NL = New Landfill, SP = Solar Ponds, PLF = Present Landfill, numbers represent old building locations. 
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Table 6−8 presents a summary of the pass/fail criteria for each revegetation location monitored 
in 2005. None of the revegetation locations passed all the criteria in 2005. However, this is not 
unexpected, as it often takes 5 or 6 years to establish a good stand of vegetation. Additionally, 
some of the revegetation locations may require some reseeding and weed control. Proactive 
management of revegetation plots is critical to success. These data provide useful information for 
making management decisions and provide documentation of the successional changes at the 
revegetation locations that can then be used to help improve revegetation techniques at the Site.  
 

Table 6−8. Success Criteria Summary for Revegetation Locations in 2005 
 

Location 

30% Relative 
Cover of 
Desired 
Species 

70% Ground 
Cover of Litter, 

Rock, and 
Vegetation 

Minimum of 
50% of Seeded 

Species 
Present 

No Single 
Species With 
>45% Relative 

Cover 

Overall 
Pass/Fail 

Building 116 Pass Pass Pass Fail Fail 

Building 886 Pass Pass Fail Fail Fail 
Building 771 Pass Pass Fail Fail Fail 
Building 881 Fail Pass Fail Pass Fail 

903 Lip Area Pass Fail Pass/Fail Pass Fail 
MST Pass Pass Fail Pass Fail 
New Landfill Pass Fail Pass Pass Fail 

Present Landfill Pass Pass Fail Pass Fail 
Solar Ponds Pass Pass Fail Fail Fail 

Success criteria from Revegetation Plan Rev. 3 

 
 
6.2.5 Diffuse Knapweed Biological Control Monitoring 

Diffuse knapweed is one of the noxious weeds at the Site. A variety of control methods have 
been used to control diffuse knapweed, including biological, mechanical, and chemical control 
methods. Biological control measures are low cost, have a low impact to surrounding habitat and 
non-target vegetation, and may provide long lasting effects. The effectiveness of biological 
controls on diffuse knapweed populations at the Site is described below.  
 
Various species of biological control insects have been released on Site for control of diffuse 
knapweed, including Larinus minutus, L. obtusus, Urophora affinis, and U. quadrifasciata, all of 
which cause damage to the seeds of the knapweed. The other diffuse knapweed biocontrol 
insects that have been released and documented on Site (Cyphocleonus achates and Sphenoptera 
yugoslavica) cause damage to either roots or stems of the plant. 
 
Objectives of the study include: 1) evaluate changes in pre and post-treatment diffuse knapweed 
cover and density at the release locations through time, 2) document visually, through photo 
monitoring, changes in diffuse knapweed populations at the release locations, 3) using 
flowerhead and seed counts, evaluate biocontrol insect impacts on diffuse knapweed seed 
production 
 
Five biocontrol release locations were monitored in 2005 (Figure 6−11). The overall mean cover 
of diffuse knapweed plants at the five locations sampled in 2005 was 12.8 percent. For years 
2001 through 2004 the mean cover for all locations sampled in that specific year was 
21.4 percent, 12.7 percent, 15.4 percent and 13.0 percent, respectively. Although the percent 
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cover has been fluctuating since the study began, all five monitored locations have a lower 
percent cover of diffuse knapweed in 2005 than when these locations were initially established. 
The overall mean density of diffuse knapweed plants at the five locations sampled in 2005 was 
12.2 plants per square meter. From 2001 through 2004, the mean density for all locations 
sampled in that specific year was 9.1, 7.1, 3.0 and 4.9 plants per square meter, respectively. 
In 2005, the mean density was the highest it had been since the initiation of the study.  
 
The mean number of flowerheads per plant at all five locations monitored in 2005 was 
251 flowerheads per plant. From 2001 through 2004, the mean number of flowerheads per plant 
has been 153, 135, 288 and 454, respectively. The average number of seeds per flowerhead (for 
all flowerheads) across all five locations monitored in 2005 was 0.58 seeds per flowerhead. From 
2002 to 2004, the mean number of seeds per flowerhead was 0.91, 0.55, and 3.08, respectively. 
Using knapweed plant density, the average number of flowerheads per plant and the average 
number of seeds per flowerhead, diffuse knapweed seed production per square meter was 
calculated. From 2002 to 2005 the mean number of seeds per square meter has been 892, 473, 
7,433, and 2,363, respectively. 
 
In general, the average cover of diffuse knapweed has declined at the release locations since the 
L. minutus were released. The greatest decline occurred initially the year after the releases were 
made and numbers have fluctuated around these lower levels since that time. Diffuse knapweed 
density also declined initially, but has not followed the pattern of the cover. Instead it began 
increasing in 2004 and has continued to rise in 2005 to the point where it is now above the level 
of when the study began. As a result, visually there has been little change in the knapweed 
abundance at the release locations. 
 
There seems to be a correlation of the diffuse knapweed density data with the previous years 
precipitation (November to October; Figure 6−12). Diffuse knapweed is a winter annual, often 
germinating in the fall, overwintering as a rosette, then bolting and flowering the following 
summer. In years with higher moisture, greater numbers of seeds germinate in the fall and 
survive through the following summer to be counted as adult plants (density counts are based 
only on the adults). If this pattern continues, it would be expected that diffuse knapweed density 
would decrease in 2006 because the precipitation received in 2005 was lower than in 2004. 
 
A comparison of cover versus precipitation from 2001 to 2003 suggests that cover generally 
follows the precipitation amounts for the same year (i.e., cover is higher with higher precipitation 
and vice-versa; Figure 6−12). However, this pattern was not maintained in 2004 and 2005, when 
cover did not increase with additional precipitation. One possible explanation is that the 
abundance of biocontrol insects reached a level where they were starting to impact the diffuse 
knapweed plants. Not only do Larinus weevils destroy seed in the larval form, but they also 
forage on leaves and stems of the plant as adults. Cyphocleonus achates and Sphenoptera 
yugoslavica are two other biocontrol insects that stress knapweed plants by affecting the root 
systems. 
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Figure 6−11. 2006 Larinus minutus Biocontrol Study Locations at RFETS 
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Figure 6−12. Rocky Flats Precipitation versus Diffuse Knapweed Cover, Density, and Number of 
Flowerheads/Plant (2001−2005) 

 
 
Flowerhead counts also appear to correlate well with annual precipitation received 
(Figure 6−12). With increased precipitation the number of flowerheads produced per plant 
increases and vice-versa. The number of seeds produced per flowerhead also follows 
precipitation amounts, both for flowerhead with and without insect damage. The data validate 
that the presence of biocontrol insects in flowerheads moderate the considerable variation in 
annual seed production in response to precipitation observed in flowerheads with no evidence of 
insect damage.  
 
The data are beginning to show that the biocontrol insects may be having an affect on reducing 
seed production and possibly cover. It typically takes 4−6 years after initial releases for the 
population levels of biocontrol insects to reach levels where they begin to have some effect on 
the target species populations. 
 
The fact that the biocontrol insects have had some effectiveness in reducing the seed production 
of the diffuse knapweed at the Site is an important step towards controlling this annual species 
which reproduces by seed. The use of biocontrol insects alone will not likely completely control 
diffuse knapweed at the Site or most locations along the Front Range where it is problematic. 
However, biocontrol insects are a tool in the toolbox of weed control methods that can be used 
where other methods are inappropriate or not feasible, and in conjunction with other control 
methods. 
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6.3 Wildlife Monitoring 
 
Wildlife monitoring has been conducted as part of the on-going ecological monitoring at the Site 
since the early 1990’s. Although several wildlife monitoring surveys have been conducted in the 
past, two types of surveys were conducted in 2005, frog vocalization surveys and the Sitewide 
wildlife surveys. 
 
6.3.1 Frog Vocalization Monitoring 

Although occasional frog observations were noted while conducting general wildlife monitoring 
in the past, there were no specific attempts to monitor frog populations until 1998. Even though 
an annual presence/absence record for amphibians was being established as a part of general 
wildlife monitoring, the lack of a specific methodology precluded the ability to effectively track 
population abundance or distribution of these species at the Site. In an effort to better track 
amphibian populations and use that information as an indicator for detecting changes in the 
health of aquatic ecosystems, a systematic and recognized monitoring program was initiated that 
was based on nationally recognized protocol for monitoring frogs. Amphibians are an important 
group to track because their semi-aquatic nature makes them particularly sensitive to aquatic 
impacts (Blaustein and Wake 1995). The boreal chorus frog was chosen as the best candidate at 
the Site for vocalization monitoring and can also serve as an indicator species for tracking 
general amphibian population abundance onsite. 
 
In 2005, 20 locations were sampled for species presence/absence and population abundance 
(Figure 6−13). Additional details on the vocalization methodology are found in the complete 
report on the CD-ROM. Boreal chorus frogs were recorded at 18 of the 20 (90 percent) sample 
locations surveyed in 2005 (Figure 6−14). Fourteen of the locations (70 percent) sampled had 
full choruses of frogs calling (vocalization index 3). One location (5 percent) had multiple 
individuals calling with overlaps between the calls (vocalization index 2). Three locations 
(15 percent) had a vocalization index of 1, where individuals could be counted but the calls were 
not overlapping. The remaining two locations (10 percent) had no frogs calling (vocalization 
index 0). 
 
On the evening when sampling was conducted in 2005, the average water and air temperature 
(oC) was 11o and 13o, respectively. No precipitation occurred on the day when sampling was 
conducted and the mean cloud cover was approximately 16 percent. 
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Figure 6−13. 2005 Frog Vocalization Monitoring Locations 
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Figure 6−14. Frog Vocalization Summary 
 
 
The 2005 vocalization results are the highest of all the years sampled thus far with a mean 
vocalization index 2.4 in 2005 versus the annual mean of 2.0 (1999−2005). Frogs calling in full 
choruses were present in the greatest abundance in 2005, with 70 percent of the sample locations 
having full choruses heard. Because the boreal chorus frog requires water to mate and lay eggs, 
the overall abundance of the frogs at the Site appears be related to how much water is available 
at the Site during the spring. From the available monitoring data, frogs were least abundant in 
2003, the year after the drought in 2002 (Figure 6−15, no data was collected in 2002). Since that 
time the boreal chorus frog abundance has continued to increase with the above average 
precipitation received at the Site in 2004 and 2005 (2004 = 23.5 inches,  
2005 = 18.15 inches, mean 1992−2005 = 15.75 inches). In general, the 2005 data show that the 
boreal chorus frog abundance at the Site was very good, indicating that conditions were 
conducive to the frog population and suitable habitat continues to exist at the Site. 
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Figure 6−15. Vocalization Index Versus Precipitation Summary 
 
 
6.3.2 Site-Wide Wildlife Survey 

Site-wide wildlife surveys are driving surveys conducted monthly along established roads in the 
BZ (Figure 6−16). This monitoring provides general information on the presence/absence of 
specific wildlife species, the numbers observed, and locational information on the species. The 
species observed during this survey are of special interest because of their status as high-
visibility species, indicator organisms, sensitive species, federal and state protected species, or 
game species. The general questions under investigation include: 1) What wildlife species use 
the Site?, 2) What is the relative abundance of these species?, 3) Where are certain species most 
commonly found at the Site? 
 
During 2005, the wildlife surveys were performed monthly along all passable, established BZ 
roads (Figure 6−16). Selected species groups included waterfowl, big game mammals, game 
birds, carnivores, raptors (birds of prey), small game mammals, furbearers, and herpetiles. The 
species observed on Site during the site-wide survey in 2005 were assigned to one of the above-
mentioned groups (excluding most songbirds). Relative abundance (RA) was calculated 
separately for the mammal, raptor and waterfowl group. RA is calculated as the number of 
observations of a specific species divided by the total number of observations of all species 
within that group of species. It is presented as a percentage. 
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Figure 6−16. Site-Wide Survey Route Map 
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Mule deer had the highest relative abundance for the mammal group (RA 89 percent, Table 6−9). 
Figure 6−17 presents the winter mule deer counts from 1994 through 2005. The winter survey 
(usually the December survey) is chosen for this estimate because there is greater visibility of 
animals. Because of the lack of foliage and occasional presence of snow groundcover, animals 
are highly visible. Sex is also easily distinguishable during the winter because the males have not 
yet shed their antlers. The 2005 deer count of 144 individuals is one of the higher counts since 
1994. The lowest deer count was in 2003 (79 deer). 
 

Table 6–9. Relative Abundance (RA) of the Mammal Species Observed During Sitewide Surveys 
Conducted from 2002 to 2005 

 
Common Name Scientific Name 2002 2003 2004 2005 

Mule deer Odocoileus hemionus 89.65 81.44 90.48 88.70 
Black-tailed prairie dog Cynomys ludovicianus 1.62 7.79 3.17 4.04 

Coyote Canis latrans 4.59 4.24 3.43 2.56 
Desert cottontail Sylvilagus audubonii 0.54 0.92 1.46 2.06 
Elk (Wapiti) Cervus elaphus * 4.81 1.03 1.40 

Mule X White-tailed deer Odocoileus hemionus x virginianus * * * 0.74 
White-tailed deer Odocoileus virginianus 3.24 0.23 0.34 0.41 
Muskrat Ondatra zibethicus 0.36 0.57 * 0.08 

Striped skunk Mephitis mephitis * * 0.09 * 
* Species was not observed this year during Sitewide Surveys. Table is sorted by the 2005 relative abundance (last column). 
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Figure 6−17. Total Number of Mule Deer in Winter (1994−2005) 
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In 2005, the number of elk that visited the Site was slightly higher than in 2004 (Table 6−9). Elk 
were observed on three surveys in 2005 (May, June, and October), whereas in 2004 elk were 
observed only on two occasions. The highest number of elk observed on site in 2005 was during 
the June survey (two males, ten females, and two young of the year). In 2004, only eight 
individuals were observed during the surveys. In the past, elk were a rare visitor to the Site, but 
since 2003 elk visits have been more consistent. The increase in elk use indicates that either 
conditions are becoming more habitable to the elk (less disturbance in the BZ, fewer man-made 
structures such as fences, better vegetation, etc.) or that the environment usually used by the elk 
is becoming less habitable (human encroachment, overcrowding, habitat disturbance, etc.). In 
general, elk observations at the Site have still occurred in areas distant from the IA. However, 
with the removal of the buildings in the IA, the reduced human presence, and continuing 
encroachment on elk habitat from nearby human development, more elk may be observed on Site 
in future years and may utilize a larger portion of the Site. 
 
Another less frequently observed big game species that occurs on Site is the white tailed deer 
(RA 0.41 percent, Table 6−9). The white tailed deer are more flighty than the mule deer, and are 
usually seen fleeing or running and do not seem to tolerate human disturbances as well as mule 
deer. In 2001 and 2002, several observations of white-tailed deer were made, however, since 
2002, the number of observations of white-tails have been lower. Only one female white-tailed 
deer was observed annually in 2004 and 2005 during the surveys. As in 2004, the female had two 
fawns, although in 2005 it was clear that the two fawns were hybrids between a white-tailed deer 
and a mule deer.  
 
The hybrid deer were observed more frequently than white-tailed deer (RA 0.74 percent, 
Table 6−9). Several observations were made of the fawns born this year, but a few deer were 
observed that looked like hybrids but older. These were assumed to be the hybrid fawns seen in 
2004. Since there has not been a male white-tailed deer observed on site since 2002, the lone 
white-tailed female will most likely continue breeding with mule deer males and produce more 
hybrid deer in the future. However, it is possible that there may be an increase in the white-tailed 
deer population in the future since human activity on site has been greatly curtailed in 2005. 
 
The relative abundance of the black-tailed prairie dog in 2005 was 4 percent (Table 6−9). This is 
a slight increase over the 2004 relative abundance, 3 percent. No new colonies were established 
between 2004 and 2005, however the colony located south of the BZ fence has been slowly 
expanding north onto the Site. There were more observations of prairie dogs in this southern area 
in 2005. The population south of the east access road has also been slowly expanding in the last 
year or so. 
 
In 1993, the prairie dog population was devastated by plague, and the species was eliminated 
from most areas on Site. However, prairie dogs have been observed in certain areas on a regular 
basis for several years. These sightings have been mostly in the north BZ, along Highway 128, 
and the southeast part of the BZ, south of the east access road. It is not surprising to see prairie 
dogs in these areas because the areas north of Highway 128 and east of Indiana Street are used as 
prairie dog relocation and release sites by local cities and counties. 
 
Two new prairie dog colonies were established on Site in the fall of 2002. It is assumed that the 
prairie dogs migrated along a powerline service road from the colony located along the eastern 
boundary. One colony was established north of the C-2 pond, and one south of the C-2 pond. 
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Both colonies were active in 2002 and 2003, however the northern location became inactive at 
the end of 2003. The southern location remained active through 2005, with five individuals being 
observed in the spring and summer. Unlike the other colonies located on the periphery of the Site 
where there is an interchange of individuals to and from offsite, this southern colony is fairly 
isolated. It is unlikely that individuals from this colony would migrate from their current 
location, unless the number of prairie dogs increased and the colony was stressed. Because of the 
burrowing nature of prairie dogs, relocation actions may be necessary if, in the future, the prairie 
dogs move closer to locations in and around the IA where they are undesired. 
 
One of the largest groups of predators that utilize the Site is the raptor group. Ecologically, 
raptors are an important taxonomic group because they help limit the populations of small 
mammal prey species. They have very specific nesting requirements (mostly riparian woodland). 
The locations where raptors were observed are mainly outside of the central IA area, and along 
riparian corridors. 
 
During the 2005 surveys, there were 120 observations of raptors, which is about the same as the 
112 observations in 2004 (Table 6−10). The most common raptor during 2005 was the red tailed 
hawk with a relative abundance of 37 percent. The American kestrel and the great horned owl 
both had a relative abundance of 17 percent. These three species are common on Site throughout 
the whole year, and have either been seen or are believed to be nesting on Site. 
 
The relative abundance of the Swainson’s hawk increased from 9 percent in 2004 to 11 percent 
in 2005 (fourth highest raptor relative abundance in 2005). In 2005, as well as in 2004, a pair of 
Swainson’s hawks nested in North Walnut Creek upstream from the A-1 pond. In 2004 the pair 
raised one offspring, and in 2005 presumably the same pair raised three offspring. This species 
of hawk has been observed in the past years, but has not been observed nesting since 1999, when 
a pair of Swainson’s hawks nested upstream from the C-1 pond in Woman Creek. The year prior, 
in 1998, a pair of Swainson’s hawks were observed nesting in North Walnut Creek, in the same 
area as the pair from 2004.  
 
There has also been an increase in the relative abundance of the golden eagle (RA 4 percent) and 
the Cooper’s hawk (RA 3 percent). Other species of raptors observed and their relative 
abundance are shown in Table 6−10. 
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Table 6–10. Relative Abundance (RA) of the Raptor Species Observed During Sitewide Surveys 
Conducted from 2002 to 2005 

 
Common Name Scientific Name 2002 2003 2004 2005 

Red-tailed Hawk Buteo jamaicensis 30.21 42.42 40.18 36.67 

American Kestrel Falco sparverius 29.17 21.21 23.21 16.67 

Great Horned Owl Bubo virginianus 17.71 12.12 11.61 16.67 

Swainson's Hawk Buteo swainsoni 1.04 3.03 8.93 10.83 

Northern Harrier Circus cyaneus 7.29 4.55 1.79 5.83 

Golden Eagle Aquila chrysaetos 3.13 1.52 0.89 4.17 

Prairie Falcon Falco mexicanus 1.04 4.55 1.79 3.33 

Cooper's Hawk Accipiter cooperii * * 1.79 2.50 

Turkey Vulture Cathartes aura 3.13 7.58 3.57 1.67 

Bald Eagle Haliaeetus leucocephalus 1.04 1.52 0.89 0.83 

Ferruginous Hawk Buteo regalis * * * 0.83 

Long-eared Owl Asio otus 1.04 * * * 

Merlin Falco columbarius * * 0.89 * 

Osprey Pandion haliaetus * * 0.89 * 

Rough-legged Hawk Buteo lagopus 5.21 1.52 0.89 * 

Short-eared Owl Asio flammeus * * 2.68 * 
*Species was not observed this year during Sitewide Surveys. Table is sorted by the 2005 relative abundance (last column). 

 
 
Among the waterfowl taxonomic group, the mallard was the species with the highest relative 
abundance (25 percent, Table 6−11), closely followed by the American coot (23 percent). There 
has been a fairly dramatic increase in the abundance of American coots over the past 3 years. In 
2002 and 2003 the relative abundance of the American coot was 2 percent and 13 percent, 
respectively. However, the relative abundance in 2004 increased to 22 percent. As mentioned 
previously, the majority of American coot observations in 2004 and 2005 occurred at the D-2 
pond, where there is little human disturbance. 
 
Another large increase in abundance has been observed for the ruddy duck (RA 6 percent). In 
2005 several females reared young at the D-2 pond. Relative abundance data for other species of 
waterfowl can be found in Table 6−11. 
 
As expected, waterfowl observations were mostly made near water structures such as the man-
made ponds in Walnut and Woman Creek. Waterfowl observations made in locations not 
associated with a water structure were usually of birds in transit. Several remediation activities 
took place near or in the ponds during 2005, this may have decreased the overall abundance of 
waterfowl use of the area. However since the ponds and other water structures will remain intact, 
it is expected that waterfowl will continue using these locations in future years.  
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Table 6–11. Relative Abundance (RA) of the Waterfowl Species Observed During Sitewide Surveys 
Conducted from 2002 to 2005 

 
Common Name Scientific Name 2002 2003 2004 2005 

Mallard Anas platyrhynchos 32.55 29.80 22.08 24.92 
American Coot Fulica americana 1.71 13.33 22.17 22.66 

Bufflehead Bucephala albeola 4.2 5.10 1.55 11.33 
Gadwall Anas strepera 0.79 9.93 5.84 9.58 
Ring-necked Duck Aythya collaris 10.76 6.41 8.49 7.52 

Pied-billed Grebe Podilymbus podiceps 2.76 6.80 7.76 7.31 
Ruddy Duck Oxyura jamaicensis * 0.39 1.19 5.56 
Green-winged Teal Anas crecca 6.17 1.70 6.30 5.15 

Blue-winged Teal Anas discors 5.77 3.40 4.74 3.19 
Canada Goose Branta canadensis 7.74 8.63 3.56 0.62 
Common Goldeneye Bucephala clangula 1.97 1.83 1.09 0.62 

Great Blue Heron Ardea herodias 1.05 1.57 0.36 0.51 
Double-crested Cormorant Phalacrocorax auritus 3.54 3.40 2.46 0.41 
Killdeer Charadrius vociferus    0.21 

Redhead Aythya americana 5.51 * 7.57 0.21 
American White Pelican Pelecanus erythrorhynchos 2.1 2.22 2.37 0.10 
Cinnamon Teal Anas cyanoptera 8.14 2.09 0.91 0.10 

American Wigeon Anas americana 0.26 * 0.09 * 
Black-crowned Night-heron Nycticorax nycticorax 0.39 0.26 0.18 * 
Common Merganser Mergus merganser 3.02 0.13 * * 

Common Snipe Gallinago gallinago * 0.52 0.27 * 
Eared grebe Podiceps nigricollis * * 0.18 * 
Greater Scaup Aythya marila 0.39 * * * 

Greater Yellowlegs Tringa melanoleuca 0.26 * 0.09 * 
Lesser Scaup Aythya affinis * 1.31 0.46 * 
Northern Pintail Anas acuta * 0.52 * * 

Sandhill Crane Grus canadensis 0.52 * * * 
Sora Porzana carolina * 0.39 0.09 * 
Spotted Sandpiper Actitis macularia * * 0.18 * 

Upland Sandpiper Bartramia longicauda * 0.13 * * 
White-faced Ibis Plegadis chihi * 0.13 * * 
*Species was not observed this year during Sitewide Surveys. Table is sorted by the 2005 relative abundance (last column). 

 
6.4 Summary 
 
The Ecology Program at the Rocky Flats Site conducts monitoring of the ecological resources to 
ensure regulatory compliance and to preserve, protect, and manage those resources. Data from 
2005 continue to substantiate the presence of increasingly rare ecological resources that are 
rapidly disappearing along the Front Range of Colorado due to development and urbanization. 
Proactive management of the natural resources through weed control and perhaps in the future 
grazing and/or prescribed burning is critical to the long-term sustainability of the ecosystems at 
the Site. Noxious weeds continue to be a top priority as does the revegetation of the former IA. 
The monitoring results continue to provide useful information to assist in management activities. 
Monitoring and active management continue to demonstrate compliance with environmental 
regulations and help provide for long-term sustainability of the resources for future generations. 
Full detailed summaries and analyses for each field monitoring effort are presented as stand-
alone reports on the accompanying CD-ROM. 
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7.0 Site Operations and Maintenance 

Control of the Site was transferred to LM in the fourth quarter of CY 2005. This report focuses 
on activities performed by LM, and does not address operations and maintenance performed by 
the previous contractor. 
 
7.1 Pond Operations 
 
Routine maintenance by LM personnel was begun in late October 2005. During the 4th quarter 
of CY 2005, the Site performed no pond water transfers and discharges. The location of the 
ponds and drainage features are given in Figure 2−1. As of December 31, 2005, Ponds A-3, A-4, 
B-5, C-2, and the Landfill Pond were holding a total of approximately 12 million gallons 
(12 percent of total capacity). 
 
A listing of discharges and transfers conducted by K-H are not given here. Summaries of this 
information can be found in previous Site reports. 
 
Monthly routine dam inspections, pond level measurements, and piezometer measurements were 
performed as scheduled during the quarter.  
 
7.2 Passive Ground Water Treatment Systems 
 
Routine maintenance by LM personnel was begun in late October 2005. Prior to that, these 
activities were performed by K-H. The system-specific summaries below focus on tasks 
performed by LM. 
 
7.2.1 Mound Site Plume Treatment System 

Routine maintenance activities continued at the MSPTS through 4CQ05. These activities 
included weekly raking of the media and inspection of influent and effluent flow conditions, and 
calibration of the flow monitoring instrumentation in October.  
 
Maintenance upgrades will be installed at the ETPTS in early 2006. See Section 3.3.1 for 
additional information. 
 
7.2.2 East Trenches Plume Treatment System 

A broken pipe at the ETPTS was observed by K-H in early October and was repaired prior to the 
Declaration of Site Closure issued on October 13. All other activities at the ETPTS in 4CQ05 
were routine, including weekly raking of the media (which was replaced in September 2005) and 
inspection of influent and effluent flow conditions, and calibration of the flow monitoring 
instrumentation in October.  
 
Maintenance upgrades will be installed at the ETPTS in 1CQ06. See Section 3.2.5.1 (Confirm 
that this ground water section is still Treatment System Monitoring – ETPTS) for additional 
information. 
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7.2.3 Solar Ponds Plume Treatment System (SPPTS) 

Routine maintenance activities continued at the SPPTS through 4CQ05. These activities included 
weekly inspection of the solar/battery system that powers the pump, operation of the pump, and 
influent and effluent flow conditions. In addition, the flow monitoring instrumentation was 
calibrated in October. 
 
SPPTS effluent water quality exhibited elevated nitrate concentrations despite the media 
replacement that was performed in September 2005, as described in Section 3.3.1. Possible 
causes were evaluated, and a more detailed inspection in 1CQ06 showed access to three of the 
five system valves to be blocked. Access was restored in early 2006 using appropriate heavy 
equipment excavators, as the valves are approximately 10 feet to 12 feet below ground surface. 
When access was restored, valve configurations were checked and adjusted as necessary. An 
evaluation of water quality and system performance will continue through 2006 until this system 
is restored to normal operation. 
 
7.3 Landfills 
 
The RCRA Subtitle C-compliant cover for the Present Landfill was completed in May 2005. The 
engineered cover for the Original Landfill was completed in August 2005. LM personnel were 
not involved in either of these activities, but initiated the landfill inspections in October 2005. 
The general approach for the Present and Original Landfill monitoring and inspections, along 
with the results of those inspections, are shown below.  
 
7.3.1 Present Landfill 

The Present Landfill consists of approximately 22 acres of an engineered RCRA Subtitle 
C-compliant cover over a former sanitary/construction debris landfill. A diversion channel 
surrounds the landfill and diverts storm water runoff away from the landfill to No Name Gulch. 
The landfill has a leachate collection and treatment system that discharges into the Present 
Landfill Pond. A gas extraction system is also built into the landfill and allows subsurface gas to 
vent to the atmosphere. The landfill final construction site conditions will be used as a baseline 
for comparisons made during site inspections. 
 
Inspection of the Present Landfill is conducted on a quarterly basis. Quarterly inspections will 
continue for 5 years and will be evaluated at the next Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) review scheduled for 2007. The findings and 
observations of the quarterly site inspections are presented in the Annual Report, which will be 
submitted to EPA and CDPHE. Inspections are addressed in Appendix A of the Final IM/IRA for 
IHSS 114 and RCRA Closure of the RFETS Present Landfill (K-H 2004h), and include 
monitoring subsidence/consolidation, slope stability, soil cover, vegetation, stormwater 
management structures, and erosion in surrounding features so that corrective actions can be 
taken in a timely manner. 
 
7.3.1.1 Inspection Results 
 
Inspections were performed October 27 and November 22 at the Present Landfill. The inspection 
process followed the format and protocol established in the Landfill Monitoring and 
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Maintenance Plan, Rocky Flats Environmental Technology Site Present Landfill (K-H, 2005o, 
Draft). No significant problems were observed during either of these inspections. Refer to the 
inspection forms accompanying this document for additional information. 
 
Monitoring of surface water and ground water is covered in those respective sections of this 
report. 
 
7.3.2 Original Landfill 

The Original Landfill consists of approximately 20 acres of an engineered cover over a former 
solid sanitary and construction debris landfill. The final cover consists of a 2-foot-thick Rocky 
Flats Alluvium soil cover that was constructed over both a regraded surface and a buttress fill. 
The original surface was regraded to provide a consistent slope. A 20-foot-high, 1,000-foot-long 
soil mass buttress fill was placed at the toe of the landfill. Erosion is controlled by a series of 
diversion berms that carry storm runoff away from the cover in lined channels. In addition, the 
soil cover was covered with both straw mulch and a spray-on erosion control medium called 
“Flexterra.” A perimeter channel collects runoff from the diversion berms and carries it away 
from the landfill. 
 
Inspection of the Original Landfill is conducted on a quarterly basis. Quarterly inspections will 
continue for 5 years and will be evaluated at the next CERCLA review in 2007. The findings and 
observations of the quarterly site inspections will be presented in the Annual Report, which will 
be submitted to EPA and CDPHE. Inspections are addressed in Appendix B of the Final IM/IRA 
for the Original Landfill (K-H 2005c) and include monitoring subsidence/consolidation, slope 
stability, soil cover, vegetation, stormwater management structures, and erosion in surrounding 
features so that corrective actions can be taken in a timely manner. 
 
7.3.2.1 Inspection Results 
 
Inspections were performed October 27 and November 22 at the Original Landfill. The 
inspection process followed the format and protocol established in the Landfill Monitoring and 
Maintenance Plan, Rocky Flats Environmental Technology Site Original Landfill (K-H 2005n 
Draft). No significant problems were observed during either of these inspections. Refer to the 
inspection forms accompanying this document for additional information. 
 
7.4 General Site M&O 
 
The Site will be managed and maintained to protect the remediation activities that have taken 
place in the closure of the Site. Assessment of the Site will be performed on both a scheduled 
and continuous basis.  
 
7.4.1 Erosion Control 

The existing erosion controls are maintained and repaired to protect the bare soil areas until the 
vegetation can stabilize the soil. Assessing the erosion control is especially important following 
high wind events which are common at the Site. Reestablishment of the vegetation in the 
disturbed areas will be assessed during the growing season. Areas lacking sufficient vegetative 
cover will be reseeded to assure adequate establishment of the native vegetation in these areas. 
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7.4.1.1 Maintenance Efforts 
 
Maintenance of the Site erosion controls required effort throughout the 4th Quarter, but 
especially during the windy month of December. Erosion matting required replacement of the 
stakes and/or wire spikes originally used to secure the matting. In areas of very rocky soil, a 
common characteristic of the Rocky Flats Alluvium, staking was ineffective and large rocks 
were used to secure the matting. 
 
Erosion wattles were also loosened and displaced by the wind, and required restaking. In areas 
where the soil allowed, the original stakes were replaced with longer stakes to allow deeper 
penetration of the stake in the soil to better hold the wattle. 
Reestablishment of the vegetative cover was not assessed during this quarter, since it was during 
the period of minimal growth. 
 
7.4.2 Site Security 

The security of the Site is assessed on a continuous basis. The perimeter fence is maintained and 
replaced as required. Excess or unnecessary gates in the perimeter fence have and will continue 
to be removed and replaced with fence to reduce the number of access points to the Site. Site 
management personnel worked with local law enforcement agencies to assure adequate 
surveillance when maintenance personnel were not on Site. 
 
7.4.2.1 Security Issues 
 
Two instances of Site trespass or damage by vehicles were observed during this quarter. In late 
December a vehicle hit the West Access Gate and broke the two wooden gateposts on the south 
side of the gate. Both metal gates at this entrance were also bent. The damage was discovered at 
approximately 7:00 A.M. the morning following the incident. To maintain Site security, the gate 
chain and locks were moved from the damaged gate located at the west property line to the 
former gate located approximately 300 feet east of the property line. No evidence was observed 
that would indicate that the vehicle continued into the interior of the Site after hitting the gate, or 
that the driver had any malicious intent by this incident. An incident report was filed with the 
Colorado State Patrol. 
 
Also in late December a vehicle accessed the Site from Indiana Avenue over the top of the 
perimeter fence along the east property line. Tire tracks were observed in the grass near the 
fence, but no additional damage or vandalism was found to any of the sampling equipment or 
stations on Site. The vehicle exited the Site by ramming the gate at the former East Access Road, 
damaging the gate and one of the gateposts. This gate was not repaired, but instead replaced by 
continuous fence of similar design to that along Indiana Avenue. 
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